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PREFACE. 


This  work,  as  the  title  indicates,  is  not  intended 
for  the  mere  beginner ;  the  subjects  which  ought  to 
be  brought  before  the  student  in  a  first  book  or 
course  on  the  science  having  formed  the  subject  of  a 
former  work,  "The  First  Step  in  Chemistry,"  have 
therefore  been  omitted.  It  is  intended  to  teach  the 
higher  branches  of  the  science,  especially  those  newer 
views  which  are  now  being  very  generally  adopted. 
As  these  newer  views  are  mainly  founded  on  volume 
relations,  the  work  commences  by  teaching  the  specific 
gravity  of  gases,  and  their  correction  for  temperature, 
pressure,  and  moisture — combination  by  volume — 
the  specific  gravity  of  vapours,  and  its  appli6ation  to 
control  the  formulas  of  substances — atomic  volumes, 
Ac, — by  exercises,  which  the  student  has  to  perform. 
Diese  subjects,  which  I  in  common  with  most  other 
teachers,  I  believe — have  found  it  so  difficult  to  make 
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the  student  fully  understaad,  I  can  state,  from  expe- 
rience, can  be  taught  with  perfect  success  from  the 
plan  here  developed.  Instead  of  making  the  student 
accept  the  facts  and  principles  on  the  ipse  dixit  of 
the  book,  the  different  views  which  are  entertained 
bj  different  chemists  on  the  same  subject  are  collated, 
and  the  several  arguments  hj  which  these  views  are 
maintained  are  given  so  as  to  teach  him  to  form 
his  own  opinion  on  the  disputed  points,  rather 
than  adopt  the  opinions  of  others;  this  method  of 
teaching  will  best  fit  the  student  for  reading  original 
memoirs  on  the  science,  whilst,  at  the  same  time, 
from  its  exercising  his  reasoning  faculties,  it  will 
form  the  very  best  discipline  for  the  mind.  I  have 
therefore  drawn  largely  upon  original  memoirs,  and 
on  such  important  subjects  as  molecular  atoms,  the 
doubling  of  the  atomic  weights  of  oxygen,  sulphur, 
&c,f  I  have  not  hesitated  to  give  the  memoirs  of 
Sir  B.  Brodie,  Dr,  Wolcott  Gibbs,  and  Dr.  Odling, 
almost  in  extenso. 

The  history  of  the  rise  and  progress  of  the  new- 
views  is  given,  commencing  with  Dr.  Clarke's  and 
Mr.  GrifSn's  views  on  the  constitution  of  some 
compounds,  passiug  on  to  the  unitary  system  of 
G^rhardt,  Williamson's  views  on  the  constitution 
of  bodies,  Laurent's  views  on  the  constitution   of 
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the  ammoniiiBy  and,  finivllj,  Oerhardt's  Bystem  of 
daasficalaoiL  Inorganic  and  organic  bodies  are  then 
arranged  under  the  different  types,  and  an  outline  of 
the  general  properties  of  organic  bodies  is  also  given. 
This  part  of  the  book  is  founded  upon  the  chemical 
fimctionB  of  bodies  in  the  fourth  volume  of  Qerhardt's 
''Traite  de  Chimie  Organique,"  but  I  think  it  will 
be  found  that  in  every  part  I  have  made  it  more 
systematic  and  more  comprehensive.  Under  the 
ammonia  type  will  be  found,  I  trust,  a  full  and 
accurate  description  of  the  beautiful  and  laborious 
reeearches  of  Hofmann  on  that  class  of  bodies.  I 
hare  intended  this  part  of  the  book  to  form  hprac- 
Heal  and  systenuUie  manual  of  organic  chemistry. 
I  have  also  placed  before  the  student  the  views 
of  Wurtz,  Play&ir,  Prankland,  and  Kolbe,  on  the 
constitution  of  bodies. 

I  have  entered  very  fuUy  into  subjects  which  are 
daily  becoming  of  much  practical  importance,  such  as 
fractional  distillation,  the  law  and  method  of  deter- 
mining the  boiling  points  of  liquids,  the  specific  and 
atomic  heats  of  bodies,  the  development  of  heat  by 
chemical  action,  calorific  intensity,  &c.  These  subjects 
are  taught,  wherever  practicable,  by  exercises  ;  finally, 
I  have  placed  before  the  student  a  complete  account 
of  Graham's  researches  on  diffusion,  and  Bunsen  and 
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KirchofiTs  on  spectrum  analysis.  At  the  end  of  the 
book  will  be  found  a  selection  of  questions  by  various 
examining  bodies,  and  it  is  indicated  bj  reference 
where  the  information  may  be  found  which  will  enable 
the  questions  to  be  answered. 

I  believe,  with  the  exception  of  a  few  typographical 
errors,  the  work  will  be  found  as  free  as  possible  from 
errors  inseparable  from  a  work  like  the  present,  and 
for  this  I  am  greatly  indebted  to  my  friend,  Mr.  W. 
Plimkett,  who  very  kindly  assisted  me  in  reading  the 
proofs. 

E.  GALLOWAY. 

Dublin,  December^  1863. 
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THE  SECOND  STEP  IN  CHEMISTRY. 

GHAPTEB  I. 

PBOPBBTIIS  07  MATTBX. 

^»eeific  gramUf  <f  giues  and  vapaurSf  1.  JExercUes. 
Expansion  cf  matter  oy  heat,  5.  Correction  cf  gaeee  for 
temperatmre,  12.  ExercUee.  Compreeeibilitg  cf  nuUter, 
16.  Ekuiieit^  of  matter,  25.  Correction  of  gates  for 
preeeure,  42.  Exercises,  lAqurfaetion,  43.  Vaporization, 
46.  Correetion  <(f  gases  for  tke  tension  of  aqueous  vapour, 
Exerdees. 

1.  Sfscivic  Gbayitt  of  Ga818  ahp  Yapoubs. — Grases 
tnd  Tapoun  differ  in  their  densitieB,  or  specific  weights. 

2.  Atmospheric  air,  at  60"  F.,  and  the  barometer 
^andinf  at  30  inches,  is  employed  as  the  standard  of 
oompanson*  for  gases  and  vapours.  One  hundred  cubic 
incaes  of  air  weign,  acoordinj^  to  the  latest  researches  by 
Begnault,  30*936  grains  at  ihts  temperature  and  pressure. 
Air  is  therefore  about  814  times  lighter  than  water,  as 
100  edbie  inches  of  water  weigh  262&'0  grains. 

3.  ^  tke  specific  gravity  (f  a  go*  or  vapowr  he  Jmoum, 
tie  absolute  weight  (f  a  given  volume  of  it  can  he  deter- 
mined. To  accomplish  this,  we  hare  smiply  to  multiply 
the  weight  of  an  equal  volume  of  air  by  the  speci£[e 
weight  of  the  gas  or  vapour;  the  product  will  be  the 
weight  of  the  volume,  at  the  standard  temperature  and 
pressure  of  the  gas  or  vapour. 

Example. — ^What  is  the  weight  of  100  cubic  inches  of 
hydrogen,  its  specific  gravity  being  '0694  P 
30-936  X  '0694  =  2147  grains  weight  of  100  cub.  in.  of  H. 

^  J(f  it  he  desired  to  find  the  volume  qf  a  given  weight 

*  Tke  ■tondard  tanpermtiire  and  preware  adopted  cm  tbe  Contiiiait 
dxflen  from  tbftt  employed  in  BndAnd.  The  temperstvre  is  0^  C.  m  92^  F. ; 
the  pz«Mm  w  760  nilluDetreB  B  SHOS  ittofaes. 
B 
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of  any  ffos  or  vapour,  the  weight  of  some  yolnme  (saj  a 
cubic  inch)  of  the  gas  or  yapour  must  first  be  ascertained 
b^  the  preceding  rale;  then  the  ^ven  weight  must  be 
divided  by  the  weight  of  the  oubio  inch;  the  quotient 
will  be  the  yolome  in  cubic  inches  of  the  giyen  weight  of 
the  gas,  at  Ihe  standard  temperature  and  pressure. 

Example. — ^What  is  the  volume  of  2147  grains  of  hj- 
drogeo,  its  sp.  gr.  being  0*0694? 

,   ^    I  =  100  cubic  inches. 
•08147 

XZBBCISEB. 

1.  What  is  the  weight  of  a  cubic  inch  of  oxjgen,  its 
sp.  gr.  bein^  1*1067  P 

2.  What  IS  the  weight  of  a  cubic  inch  of  nitrogen,  its 
sp.gr.bein^  0*9713? 

3.  What  IS  the  weight  of  a  cubic  inch  of  carbonic  add, 
its  sp.gr.  being  1*629  P 

4.  "Wnat  is  uie  weight  of  a  cubic  inch  of  gaseous  am- 
moniafflHa),  its  sp.  gr.  being  0*69  P 

6.  What  is  the  volume  of  64  grains  of  chlorine,  its  sp. 
gr.  being  2-44  P 

6.  What  is  the  volume  of  46  grains  of  carbonic  oxide, 
its  sp^.  being  0*967  P 

7.  How  many  cubic  inches  of  oxygen  would  be  ob- 
tained from  100  grains  of  chlorate  of  potash  P 

Oxygen  gas  is  frequently  prepared  by  igniting  peroxide 
of  manganese.    The  following  aecomposition  occurs  :— 

dMnO,  =  Mn,0«4-20. 

8.  How  many  cubic  inches  of  oxygen  would  be  obtained 
from  400  grains  of  a  manganese  ore  containing  70  per 
cent,  of  tli^  peroxide,  the  equivalent  of  manganese  bemg 
27-6  P 

Gunpowder  consists  of  a  mixture  of  carbon,  sulphur, 
and  nitrate  of  potash.  The  gunpowder  which  is  most 
powerfal  as  a  propelling  agent,  is  found  to  be  that  which 
rorresponds  most  nearly  in  composition  to  the  formula,— 
K0,»0, +  3C  +  S. 

The  theoretical  decomposition  of  a  powder  of  this 
description  would  be  represented  by  the  equation,— 
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KO,NO,  +  3C+S=;KS  +  «CO,  +  N» 

In  piBctice,  it  is  foand  tbat  tmall  quantities  of  many 
otherproductB  are  invariably  formed  besides  CO,,  N, 
sod  iTSf;  among  which  may  be  mentioned  carbonic 
oxide,  hydrosnlphnrio  acid,  bisulphide  of  carbon  yapour, 
carbonate  of  potash,  cyanide  and  solpho-eyanide  of  po- 
taisium,  and.  aqueons  yaponr. 

9.  How  many  cubic  inches  of  gas  would  be  produced, 
at  the  staadaza  temperature  ana  pressure,  from  1,000 
gnins  of  gunpowder,  having  the  above  composition, 
aooording  to  the  theoretical  decomposition  P 

5.  ExFAHsioH  OY  Mattsb  BT  Hbat.^-AU  solid,  liquid, 
•nd  gaseous  substances  expand  when  they  are  heated, 
sod  eontraet  when  they  are  oocded;  and  the  rate  and 
demise  of  expansion  of  each  substance  is  always  the  same, 
ao  natter  how  often  it  may  be  heated,  if  its  temperature 
1»  the  same  at. the  commencement  of  each  experiment, 
ud  the  same  amoont  of  heat  be  added.  For  example, — 
if  a  lubstaace  at  the  temperature  of  40>^  E.  be  heated  up 
to  100**  F.,  it  will  always  expand  to  the  same  bulk  when* 
niaed  from  40^  to  100°  F.,  and  it  will  always  contract  to 
the  lame  bnlk  when  cooled  down  agiun  to  4Kf  F."^ 

6.  The  same  amount  of  heat  affects  matter  in  its  three 
itateBvery  unequaliy.  It  produces  the  greatest  expansion 
in  gises,  and  the  least  in  solids,  because  there  is  no 
Mhesiveness  between  the  particles  of  matter  in  the  gaseous 
B^;  the  heat  has,  therefore,  no  opposing  force  to  over- 
oone;  and  as  the  cohesive  force  is  less  in  liquids  than  in 
MJida,  a  less  amount  of  heat  is  neutralized  in  overcoming 
^  opposing  force,  and,  therefore,  for  the  same  amount 

*  Ae  g/mf  difleDgaged  in  fhe  oombnstion  of  tJua  powder  would  oooopf , 
<t  V  T.,  a  Tofaune  vm  times  that  oooopied  by  the  powder ;  bat  st  ua 
■■■m  orinitioii,  the  Tolaine  of  gaa  ia  2,000  timea  thiut  of  the  powder,  on 
aeeooat  of  tfia  enonnooa  beat.  The  temperature  erolTed  by  the  oombastion 
«f  goBpowder  haa  been  fonnd  soffieienUy  intense  to  flue  gold  and  other 
■italB.   It  is  estimated  at  Slsy'F. 

t  The  sulphide  of  potaasinmia.  to  a  great  extent.  Tolatfliaed  by  the  heat 
fMsitiag  from  the  exploaioo  of  the  powder,  and  the  hi^y  heated  n^our 
{pjtwssjtpaaseainto  the  air,  becosung  oonTerted  into  sulphate  of  nolaah. 
las  wUte  naokeobeerred  on  the  ignition  of  powder  is  prodncad  in  this  way. 

tI<ssdisanese0ptiontothem&{  '*it  is  so  soil,  that  its  partiolea  slide 


i>to  ridges  aad  pookan.'*— OrvAoai. 
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of  heat,  a  greater  expansion  takes  place  in  liquids  than 
in  solids. 

7.  All  gases,  on  account  of  the  absence  of  anjcohesive- 
nesB  between  their  particles,  expand  alike,*  the  pressure 
being  the  same,  for  equ^  additions  of  heat ;  and  contract 
alike  for  equal  subtractions  of  heat;  but  the  different 
liquids  and  solids  expand  and  contract  unequally,  for 
equal  additions  and  subtractions  of  heat. 

8.  Having  stated  that  all  gases  expand  and  contract 
alike,  on  account  of  the  absence  or  any  oohesiveness 
between  their  jparticles,  the  following  law,  "  that  the  rate 
of  expansion  for  all  gases  is  equal  and  uniform  at  all 
degrees  of  heat,"  f  might  eyen  be  inferred. 

9.  Gases  expand  rather  more  than  one-third  their 
volume  on  being  raised  from  the  temperature  at  which  ioe 
melts  to  that  at  which  water  boils,  at  the  ordinary  atmo- 
spheric pressure ;  one  volume  of  any  gas,  at  the  tem}>e- 
rature  or  melting  ice,  expands  to  1'3665{  volumes,  if  its 

*  All  that  is  stated  in  this  and  the  a4joiniiig  pagm,  with  respect  to  gaeee, 
applies  also  to  Tsponn,  at  some  distanoe  aboTe  their  points  of  condensation. 

T  This  law  was  disoovered  by  Oaj  Lnssac  and  Dslton. 

%  It  is  necessarj  to  observe,  before  proceeding  farther,  that  this  nnifonn 
di]atati<m  of  all  f{ases  is  not  absolntelr  tme.  The  more  condensable  naee 
display  irregnlarities,  espeoislly  near  their  points  of  solidification  and  uqae- 
faction.  Begnaolt  and  Magnoa  hare  pubhshed  independent  and  elaborate 
inyestigatiQns  on  the  expansifMi  which  Tarioos  gases  undergo  by  the  appK> 
cation  of  heat.  According  to  th^  experiments,  the  coefficient  of  expansion 
is  not  rigidly  uniform  for  all  gases,  the  expansion  being  greatest  for  tiioae 
which  are  most  readily  condensable ;  whilst  for  the  eues  wnich  have  resisted 
*"'"'*■"  *  "  'ediiTere 


all  efforts  to  liquefy 


itTcon 
them. 


scarcely  any  appreciable  diiTerences  are  obserred. 


Although  it  is  not,  therefore,  rigorously  true  that  all  gsees,  and  likewise 
vapours,  at  some  distances  abore  their  points  of  condensation,  expand  alike, 
yet  it  is  suffloiently  accurate  for  all  the  requirements  of  chemtstiy. 
The  following  table  contains  a  summaiy  of  Segnaultand  Magnus's  experi- 


mental results. 


ExPAiraxoir  ov  Gabss  bt  Hsax. 


1000  Parts,  at  82»  P.,  become 

At  2ia«  P. 

Begnault. 

Magnus. 

Hydrogen        

Carbonic  Oxide      

Hydrochloric  Acid 

Carbonic  Acid 

Protoxide  of  Nitrogen 

Cynnogen 

1366-13 
1366-88 
136708 
1366-82 
136812 
1370-99 
1371-96 
1387-67 
1390-28 

1306-669 
1366-608 

1369067 

1386-618 
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temjjentnre  be  raised  to  that  of  boiling  water.  If,  then, 
tiie  interval  from  the  melting  point  of  ice  to  the  boil- 
ing point  of  water  were  diyided  into  100  degrees,  anj 
gas  which  measured  one  yolmne  at  the  melting  point  of  ice 
would  increase  -003666  in  bulk  for  each  degree  it  in- 
creased in  temperatore.  In  Ftenoe,  and  on  the  Continent 
generally,  the  scale  of  the  thermometer  is  divided  in  this 
way,  it  is,  therefore,  called  the  Centigrade  scale;  the 
temperature  at  which  ice  melts  is  reckoned  0°,  and  the 
temperatiire  at  which  water  boik  at  the  standard  pressure 
is  represented  as  100°;  therefore,  any  gas  which  measures 
one  Tohime  at  (f  of  the  Centigracle  scale  will  measure 
1-003665  in  bulk  at  V  C,  100733  at  2°  C,  and  so  on :  for 
erery  degree  it  increases  or  decreases  in  temperature  by  the 
CentigrsMae  scale,  it  increases  or  decreases  in  bulk  -003665. 
^  10.  In  England  and  America,  Fahrenheit's  scale  is  prin- 
CTfdiy  employed ;  the  interval  between  the  melting  point 
of  ice  and  tlie  boiling  point  of  water,  according  to  this 
scale,  is  divided  into  180  degrees ;  32°  on  this  scale  is  the 
temperature  at  which  ice  melts,  212°  that  at  which  water 
boik  at  the  standard  pressure.  As  one  volume  of  gas  at 
32°  F.  expands  to  1-3665  at  212°  F.,  it  results  that  for  each 
degree  Fahrenheit  that  the  gas  increases  in  temperature 
it  must  increase  in  bulk  -00204,  for 

-3665 

-^g^- =-00204; 

and  as  one  volume  of  ii^as  increases  -00204  in  bulk  for  each 
degree  Fahrenheit,  490  volumes  of  gas  must  increase  one 
vomme  for  each  degree  F.  that  it  increases  in  temperature. 
11.  Aa  gases  expand  equally  at  all  degrees  of  heat,  it  is 
not  necessary,  when  taking  the  specific  gravity  of  a  gas,  to 
conduct  the  operation  at  a  particular  temperature,  as  we 
are  obliged  to  do  when  taking  the  specific  gravity  of  solids 
or  liquids ;  it  is  only  necessary  to  note  the  temperature  of 
tile  gas  at  the  moment  the  experiment  is  made ;  we  are 
then  able  to  calculate  the  volume  it  would  occupy  at  the 
standard  temperature.  It  is  also  necessary  to  uiow  how 
to  compute  the  Tolnme  a  gas  would  occupy  at  some  other 
temperature  than  that  at  which  it  is  measured,  for  other 
purposes  besides  determining  the  specific  gravities.  We 
will  therefore  explain  how  the  calculations  are  made, 
and  giro  a  few  exercises  which  the  student  must  perform. 
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12.  Correction  of  gtuet  for  ten^perature.^^Th  ealcuiaie 
ike  volume  qf  a  §€u  from  u  lower  to  a  higher  tempera' 
ture  on  ike  Fakrenkeit  scale,  we  moltiply  the  number 
*00204,  which  is  the  amount  one  rolnme  of  any  gas  ex- 
pands for  each  degree  F.,  by  the  difference  betwe^i  the 
thermometric  degree  at  which  the  gas  is  measured,  and 
that  at  which  we  desire  to  find  the  yolnme,  and  to  the 
product  thus  obtained  we  add  1  for  the  Tolume  unit. 
Suppose,  for  the  sake  of  illustration,  we  wanted  to  know 
what  volume  a  gas,  measured  at  32°  F.,  would  occupy  at 
60**  F.,  we  multiply  -00204  by  18  =  (50°  F.  —  32°  F.).  and 
to  the  product  we  add  1  for  the  volume  unit,  which  gives 
1 '03672  volumes.  A  gas  which  measured  1  volume  at  a 
temperature  of  32°  F.  would  expand  to  1*03672  volumes 
when  raised  to  the  temperature  of  60°  F. ;  we  then  multi- 
ply the  number  we  thus  obtain,  which  in  our  illustration 
18  1*03672,  by  the  number  of  volume  units  the  gas  mea- 
sured at  the  lower  temperature,  this  will  give  us  the 
volume  the  gas  we  have  measured  would  occupy  at  the 
higher  temperature.  In  our  example  the  lower  tempera- 
ture is  32°  F.,  and  the  higheir  temperature  is  60°  F.,  and 
suppose  the  gas  measured  20  cubic  inches  at  32°  F.,  we 
should  consequently  have  to  multiply  103672  by  20 ;  the 
product  would  be  tne  volume  the  20  cubic  inches,  the  gas 
measured  at  32°  F.,  would  occupy  at  50°F. ;  thus, — 

1*03672  X  20  =  207344,  the  number  of  cubic  inches  the 
gas  measured  at  60°  F. 

The  following  is  a  general  form  for  these  calculations : 
^et  V  denote  the  known  volume,  and  Vt  the  unknown 
volume;  let  t  denote  the  temperature  of  the  known 
volume,  V,  and  4  the  temperature  of  the  unknown  volume, 
Vu  the  formula  is, — 

»,  =  »  X  {1  + -00204  X  (<,  —  <)} 

13.  Jb  reduce  ike  volume  of  a  ga^from  a  kigher  to  a 
lower  temperature  on  ike  Fakrenkeit  scale,  the  number  of 
volume  units  the  gas  measures  at  the  higher  temperature 
must  be  divided  by  the  number  obtained  by  multiplying 
*00204  by  the  difference  between  the  thermometric  oegree 
at  which  the  gas  is  measured,  and  that  at  which  we  d^ire 
to  find  the  volume,  and  adding  to  the  product  1  for  the 
volume  unit,  the  quotient  will  be  the  volume  the  gas  will 
oooupy  at  the  lower  temperature.    As  an  example,  we 
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wili  Terene  cmr  former  illustration.     Wliat  Tolnme  will 
20-7344  cabie  inches  of  g^,  at  50^  F.,  occupy  at  32^  F.  P 

20-7344  o^     ^.    .    , 

Y^p^l^pj-^^  =  20  cubic  inches. 

The  general  formula  would  be, — 

__     IT 

*»-"l-|--00204x«  — O 

14.  Or  the  calculation  may  be  made  in  the  followinir 
way !  400  Tolumes  of  a  gas  at  32^  F.  would  increase  18 
Tonimes  if  its  temperature  was  increased  to  50^  F.  (10) ; 
therefore,  a  gas  which  measured  400  volames  at  32^  F. 
would  measure  606  volumes  at  60°  F.  The  volume,  there- 
fore, of  any  gas  at  32°  F.,  would  bear  the  same  proportion 
to  the  bulk  which  it  would  occupy  at  60,  as  490  does  to 
608,  aad  hence, — 

490  :  608:: 20  :  20-7346. 
The  general  formula  would  be, — 

i>x[490-f  (^— <)3 
•'«-  490 

If«  instead  of  calculating  the  yolome  of  a  gas  from  a  lower 
to  a  higher  temperature,  we  were  by  this  plan  to  reduce  die 
volume  from  a  higher  to  a  lower  temperature,  the  calcu- 
lation would  be  as  follows,  if  we  reversed  our  former 
iHufltration,  viz..  What  volume  will  20*7346  cubic  inches 
of  gas,  at  60°  F.,  occupy  at  32°F.  P 

606  :  490::  20-7346  :  20 ouUo inches. 
The  general  formula  would  be, — 
ex490 
*»"-"490  +  (^  — <,) 

15.  The  calculation  would  be  mudi  the  same  if  we  used 
the  centigrade,  in  place  of  the  Fahrenheit,  division;  the 
principal  difference  would  be  that  we  should  have  to  sub* 
utitate  -003666  for  -00204i  as  003666  is  the  amount  gases 
expand  for  every  degree  centigrade. 

The  following  would  be  the  general  formula  for  calcu- 
lating the  volume  of  a  eas  from  a  lower  to  a  higher  tem- 
peratare,  according  to  &e  centigrade  scale  :— 
f>,  =  t>X(l^- -603665X0 

The  foilowiBg  would  be  the  general  formula  for  reduc- 
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ing  the  rolume  of  a  ns  from  a  higher  to  a  lower  tempe- 
rature, acoording  to  the  centigrade  scale : — 


"1+ 003666  x<. 
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10.  A  gas  measures  20  cubic  inches  at  60°  F.  What 
would  it  measure  at  60°  F.  P 

11.  A  gas  measures  16  cubic  inches  at  90°  F.  What 
would  it  measure  at  60°  F.  P 

12.  A  gas  measures  7*3  cubic  inches  at  180°  F.  What 
would  it  measure  at  60°  F.  P 

13.  A  gas  measures  100*3  cubic  inches  at  ^O^'F.  What 
would  it  measure  at  60°  F.P 

14.  A  gas  measures  10  7  cubic  inches  at  320°  F.  What 
would  it  measure  at  80°  F.  P 

16.  A  gas  measures  16  cubic  inches  at  0°C.  What 
would  it  measure  at  60^  G.  P 

16.  A  gas  measures  401  cubic  inches  at  100°  C.  What 
would  it  measure  at  0°  C.  P 

17.  A  gas  measures  3'6  cubic  inches  at  O^C.  What 
would  it  measure  at  80°  aP 

16.  CoKFRBSSiBiLiTT  OF  Mattbb. — All  solid,  liquid, 
and  gaseous  substances  admit,  on  account  of  their  porosity, 
of  compression ;  that  is  to  sa^,  their  volume  can  be  re- 
duced by  pressure  without  dimmish  ing  their  mass,  in  other 
words,  the  number  and  sixe  of  their  material  particles. 

17.  "  Some  of  the  metals  have  their  bulk  permanently 
diminished  by  hammering.  When  metals  are  melted 
together  in  the  formation  of  alloys,  there  is  often  great 
oontraction.  Equal  bulks  of  tin  and  copper  are  found  to 
undergo  a  contraction  amounting  to  the  fifteenth  part  of 
their  volume." 

18.  Liquids  were  long  considered  to  be  incompressible ; 
but  it  has  not  only  been  proved  that  they  are  compressible, 
although  they  admit  of  very  slif^ht  compression,— but 
even  the  desree  of  compression  wmch  some  liqufds  expe- 
rience has  been  estimated.  For  every  additionsl  atmo- 
sphere, as  it  is  called,  or  pressure  of  16  lbs.  on  the  square 
inch*  water  is  compressed  rather  more  than  46  milUonths 
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of  its  Tolume ;  alcohol  21,  and  eUier  61  nulliontha  of  their 
respectiTe  ▼olumea. 

19.  Gaaea  admit  of  ihe  greatest  oompressioo.  "  If  we 
take  a  metal  cylinder,  closed  at  one  end,  and  insert  an 
accurately-fitting  piston  into  the  other,  it  will  be  impos- 
sible to  force  the  piston  into  the  tabe,  if  it  be  full  of  water ; 
but  if  full  of  air,  the  force  of  the  arm  is  sufficient  to  drire 
the  piston  down  so  as  to  reduce  the  Tolume  of  the  air  ten 
or  twenty  times.  If  Hhe  piston  be  smaU,  we  feel  the  resist- 
ance increase  in  proportion  to  the  compression;  and, 
whaterer  force  is  exerted,  we  cannot  make  the  piston 
touch  the  bottom  of  the  tube,  because,  in  order  to  do 
diat,  the  air  must  lose  its  impenetrability,  or,  in  other 
words,  be  annihilated.  When  the  pressure  is  remoTcd, 
the  air  regains  its  original  bulk,  which  is  not  the  case 
with  metab,  and  some  other  solids,  after  they  hare  been 
strongly  compressed." — Ihmlinson. 

20.  The  law  which  connects  the  Tolume  of  a  gas  with 
thepressnre made  upon  it,  may  be  thus  expressed. 

l%e  volume  qfa  ^cu  is  inversely  cts  the  pressure  to  whiek 
U  is  exposed  ;  that  is  to  say,  if  the  pressure  be  doubled ,  the 
volume  is  reduced  one-half;  if  the  pressure  be  trebled,  the 
Tolmne  is  reduced  to  one-third,  and  so  on.  This  law  was 
discorered  independently  by  Boyle,  in  England  (1661),  and 
ICarriotte,  in  France  (1684) :  it  is  generall?  called  Mar- 
iiotte*sLaw.  This  law  can  be  demonstrated  by  the  appara- 
tus (Fig.  3),  which  was  dcTised  by  Marriottehmiself,  and  is 
therefore  known  xmder  the  name  of  the  tube  of  Marriotte. 

21.  Many  gases  have  been  liquefied  by  exposing  them 
to  the  pressure  of  their  own  atmospheres.  The  difference 
between  gases  and  rapours  is  therefore  merely  one  of 
deqpree.  Although  "some  few  of  the  gases  hare  still 
resisted  the  best  advised  attempts  to  liquefy  them,  it  can 
hardly  be  doubted  that  all  gases  may  be  regarded  as  the 
Tapoors  of  liquids  of  an  extremely  high  degree  of  Yolatility, 
the  liquids  resulting  from  the  condensation  of  gases  boiling 
at  ten^wratores  far  below  the  ordinary  atmos^eric  range. 
y«ponr8,  on  the  contrary,  may  be  considered  as  the  gases 
of  liquids  of  comparatively  low  yolatility." — Miller. 

22.  Faraday,  who  was  the  first  to  liquefy  gases,  adopted 
a  yenr  simple  method  of  proceeding ;  the  materials  were 
sealed  up  in  a  strong  narrow  tube,  of  the  form  shown  in 
Fig.  1.     The  gas,  bemg  disengaged  by  the  application  of 
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heat  or  otherwise,  accamulated  in  the  tube,  and  by  its  own 
pressure  brought  about  the  condensation. 

"  In  order  to  estimate  the  deme  of  pressure  which  the 
condensed  gas  exerted  upon  the  interior  of  the  vessel  in. 
which  it  was  contained,  and  to  determine  the  force  reoni- 
site  to  overcome  the  repulsive  energy  of  its  own  particles, 
Faraday  made  use  of  small  air-gauges,  which  he  enclosed 
in  the  tubes  employed  for  the  condensation. 


Fig.i. 

**  These  gauges  consisted  of  a  somewhat  conical,  capillary 
tube  of  glius,  which  was  divided  into  parts  of  equal  capa- 
city, by  introducing  into  the  tube  a  globule  of  mercury, 
shown  at  a,  and  causing  it  to  occupy  each  part  of  the  tube 
in  succession.  The  length  of  the  little  cylinder  into  which 
the  mercury  was  reduced  in  each  portion  of  the  tube, 
was  marked  upon  the  glass  with  olack  varnish.  The 
mercury  was  then  transferred  towards  the  widest  extre- 
mity, and  the  tube  was  sealed  at  its  narrow  end.  A 
known  volume  of  air  was  thus  included,  and  by  the  com- 
pression which  tiiis  air  experienced  in  the  course  of  the 
experiment,  the  bulk  being  inversely  as  the  pressure,  the 
elastic  force  of  the  gas  under  examination  was  easily 
calculated."  Bv  this  means,  Faraday  li<]|uefied  the  gases 
named  in  the  subjoined  table ;  the  table  gives  the  pressure 
in  atmospheres,  and  the  temperature  at  which  the  con- 
densation took  place : — 

Ata 

Sulphurous  acid    - 

Sulphuretted  hydrogen  ■ 

Carbonic  acid 

Chlorine 

Kitrous  oxide 

Cyanogen 

ibnmonia 

Hydrochloric  acid  • 


.  ft      .      . 

45** 

-17 

60 

-36 

32 

-    4 

■    60 

-  50        - 

.    45 

-    3-6     - 

.    45 

-    6-5     - 

■    50 

-  40        - 

-    60 
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23.  Mr.  Faradaj  has  also  liquefied  olefiant  gas,  hjdri- 
odm  and  hydrobromic  adds,  phosphuietted  hydrogen, 
and  tlie  ^^aaeova  flnorides  of  boron  and  silicon.  Bnt,  in 
Ofderto  hqnefy  these,  he  had  to  adopt  a  different  method. 
He  employed,  in  this  case,  narrow  green  glass  tubes  of 
great  strength,  powerful  condensing  syringes,  and  an 
extramelT  low  temperatore.  The  low  temperatnre  was 
modnioea  by  a  mixture  of  solid  oarbonie  acid  and  ether. 
The  temperature  of  this  mixture  in  the  air,  measured  by  a 
rairit  thermometer,  was  found  to  be  —106**  F.*  Under 
these  circumstances,  the  liquefied  hydriodic,  hydrobromic, 
and  sulphurous  acid  gases,  carb<mic  acid,  nitrous  oxide, 
sulphuretted  hydrogen,  (^anogen,  and  ammonia,  froze  to 
eolourlees  transparent  tolids ;  and  alcohol  became  thick 
and  oily.  Oxygen,  hydrogen,  nitrogen,  nitric  oxide,  car- 
bonic oxide,  and  coal  ^,  did  not  liquefy  at  the  tempo- 
ratoie  of  —160^  F.,  while  subjected  to  pressures  varymg 
from  S7  to  58  atmospheres.  M.  Natterer  has  since  suc- 
ceeded in  liquefying  nitrous  oxide  gas  by  means  of  a 
eondensing  pump,  and  without  the  use  of  strong  frigorific 
mixtures. 

34.  It  may  be  observed,  in  conclusion,  that  some  gases 
mar  be  liquefied  by  the  mere  reduction  of  temperature 
without  the  aid  of  pressure.  Sulphurous  acid  is  liquefied 
by  reducing  the  temperature  to  (r  F. ;  and  Faraday,  by 
means  of  the  mixture  of  carbonic  acid  and  ether,  lique- 
fied, without  the  aid  of  pressure,  chlorine,  cYanogen, 
ammonia,  sulphuretted  hydrogen,  arseniurettea  hydro- 
gen, hydriodic  acid,  hydrobromic  acid,  and  carbonic 
aeid. 

26.  EiJLSTiciTT  OT  Mattbb. — Solid  bodies  haye  ti  fixed 
form;  liquids  and  gases  have  not,  they  always  assume 
the  form  of  the  vessel  which  contains  them. 

26.  The  volume  of  a  liquid  is  fixed,  but  that  of  gases  and 
yapours  is  not ;  their  volume  is  only  determined  by  the 
siaes  of  the  vessels  containing  them.  This  tendency  of 
gaseous  bodies  to  diH^ise  themselves  in  all  directions  dis- 
tinguishes them  from  liquids,  which  have  only  a  lateral 
extension ;  gases  also  admit  of  great,  liquids  of  ver^  slight, 
oompression.    This  tendency  of  gases  to  extend  m  every 

*  Wben  tlie  Mme  miztare  wu  plaoed  beneath  the  reoeiyer  of  ui  air- 
and  ezhaastwn  rajadly  made,  the  temperature  eonk  to  —106*  F. 
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direction,  ig  owing  to  the  gueons  particles  being  goyerne^f 
solely  by  the  repulsive  power  of  he&t.  This  expansibility 
of  gases  is  termed  their  elastie  force.  It  is  their  chief 
physical  peculiarity;  and  as  they  possess  it  in  the 
veij  highest  degree,  they  are  frequently  called  elastic 
fluids, 

27.  The  resistance  which  a  substance  offers  to  the  com- 
pressing force,  is  termed  its  elasticity.  "  Elasticity,  in 
its  widest  sense,  is  applied  to  Ihe  tendency  the  particles  of 
matter  hare  to  preserve  a  certain  distance  ot  position  with 
regard  to  each  other,  and  resume  that  distance  or  position 
when  disturbed  therefrom.  In  gcues  and  liquids,  this 
applies  only  to  the  distance,  and  not  to  the  position  of  the 
particles;  for  they  have  no  tendency  to  assume  one 
position  in  preference  to  another.  This  tendency  is  the 
peculiar  characteristic  of  soUds,  in  which  we  accordingly 
distinguish  not  only  the  elasticity  of  compression  (common 
to  all  Hoodies),  but  also  three  other  kinds  of  elasticity  not 
foimd  in  liquids  and  gases,  yi£.,  those  of  tensurctflexure, 
and  torsion;  for  the  rarious  ways  in  which  we  can  alter 
the  form  or  dimensions  of  a  body,  may  all  be  reduced  to 
these  four  modeSt— squeezing,  streteninf,  bending,  and 
twisting;  but  only  the  first  of  these  is  applicable  to 
liquids  and  gases. 

28.  '*  In  no  solids,  howeyer,  is  any  one  of  these  four 
kinds  of  elasticity  found  to  be  both  perfect  and  unlimited. 
In  some  solids,  such  as  glass,  they  sill  appear  to  be  perfect^ 
for  no  force,  however  great  or  long  continued,  causes 
glass  to  take  a  set,  as  it  is  called,  that  is,  a  permanent 
change  either  in  form  or  bulk ;  but  then,  this  elasticity 
is  confined  within  narrow  limits,  on  exceeding  which 
fracture  is  the  result.  In  those  solids  whose  elasticity 
(of  one  or  more  kinds)  is  less  limited,  as  in  metals, 
or  ^>parently  unlimited  (as  in  the  flexure  of  India- 
rubber,  or  the  torsion  of  a  thread),  the  return  of  the 
particles  to  their  previous  position  is  only  partial.  There 
remains  a  permanent  change  of  form,  which  is  called 
9^  set** 

29.  Liquids  possess  a  small  but  yery  perfect  elasticity, 
which  varies  in  amount  in  different  liquids ;  the  densest 
liquids,  in  general,  being  those  which  least  admit  of  com- 
pression. 

30.  As  the  volume  of  any  gaseous  body  is  only  deter- 
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mined  by  the  sides  of  the  vessels  containing  it,  it  follows 
that,  if  nom  a  ressel  filled  with  any  gas,  some  of  the  gas 
he  withdrawn,  the  remainder  of  the  gas  will  expand  nntil 
it  has  filled  the  ressel,  but  the  pressure  npon  the  sides 
of  the  yessel  will  be  less  after,  than  before,  the  partial 
removal  of  the  gas ;  becaose  the  elastic  force  of  gas 
dinuniahes  with  its  expansion,  and  increases  with  its 
eompcession. 

1.  l%e  elastic  force  qf  a  gae  is  directly  as  the  pressure, 
tmd  inversely  as  the  volume. 

2.  The  density  of  a  gas  is  also  directly  as  the  pressure, 
and  inversely  as  the  volume. 

3.  And  the  volume  of  a  gas,  as  hrfore  noticed,  is  in- 
versely as  the  pressure. 

Example. — 100  cubic  inches  of  a  gas,  under  a  pressure 
of  30  inches  of  mercury,  will  expand  to  200  inches  if  the 
pressure  be  diminished  one-half,  and  it  will  occupy  only 
50  inches  if  the  pressure  be  increased  to  60.  The  change 
of  deasi^must  necessarily  be  in  the  inverse  proportion  to 
that  of  the  volume,  and  the  elastic  force  follows  the  same 
rule. 

31.  The  elasticity  of  gases,  and  the  law  by  which  it  is 
regulated,  admits  of  experimental  proof.  To  understand 
the  proof  a  knowledge  of  the  pressure  of  the  atmosphere 
is  necessary;  this  must,  therefore,  be  briefly  described 
before  explaining  the  experiment. 

33.  The  air  cannot  have  the  same  density  throughout 
its  height^  because  each  layer  of  air-particies  bears  the 
pressure  of  the  layers  above  it,  but  not  of  those  ukider- 
neaih;  therefore,  the  pressure  must  decrease  on  eac^ 
ascending  layer ;  Uie  lowest  layer  will  bear  the  pressure 
of  all  the  rest ;  the  one  next  above  the  lowest  will  bear  the 
measure  of  all  but  the  layer  underneath  it ;  and  the  third 
lowest  layer  will  bear  the  pressure  of  all  but  the  two 
l^ers  underneath  it;  and  so  on  with  the  succeeding 
higher  layers. 

33.  As  the  pressure  on  each  ascending  layer  decreases, 
so  the  density  must  decrease,  because  iM  density  of  a  gas 
is  directly  as  the  presswre,  and  inversely  as  the  volume. 
The  air  decreases  m  density  in  the  following  progression ; 
— at  an  elevation  of  3  miles  it  is  i  the  density  of  the  air 
on  the  earUi's  surface ;  atGmilesit  is  i ;  at  9  miles  i ;  and 
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at  15  miles  ^  of  that  density.*  The  air  is  supposed  to 
extend  40  or  45  miles  irom  the  earth's  smrfaoe ;  this,  in  all 
probabilitj,  is  its  utmost  limit.  "Dr.  WoUaston  has 
shown  that,  at  this  eleration,  Uie  attraction  of  the  earth 
tipon  anyone  particle,  is  eqnal  to  the  resistance  arising  from 
the  molecular  repulsiye  power  of  the  medium.  Another 
proof  of  the  finite  extent  of  the  atmosphere  is  found  in  the 
fact  of  the  sun  and  the  planets  being  destitute  of  any 
similar  media  surrounding  them ;  for  if  it  is  supposed  to 
extend  into  infinite  space,  such  large  masses  of 
matter  as  the  planets  must  surely  hare  caused  a 
considerable  portion  to  gravitate  towards  thenu 
Other  philosophers  hare  supposed  that  the  ex- 
treme cold  of  the  upper  regions  is  sufficient  to 
preyent  the  infinite  expansion  of  the  atmo- 
sphere." 

34.  If  a  tube,  about  33  or  34  inches  in  length, 
and  dosed  at  one  end,  either  by  means  of  a 
stop-cock,  or  else  by  being  hermetically  sealed, 
be  carefully  filled  with  mercury,  so  as  to  re- 
move all  traces  of  air,  be  then  placed  in  an 
*  upright  position,  with  its  open  end  downwards, 
and  dippm^  into  a  cistern  oi  mercury  (Fig.  2),  the 
mercury  will  sink  in  the  tube  imtil  it  flSJunds  at 
p.  2  about  30  inches  above  the  level  of  that  in  the 
^'  '  cistern ;  during  the  act  of  insertii^^  the  tube  the 
open  end  is  closed  airtight  with  the  finger,  which  is  re- 
moved when  that  end  of  the  tube  is  immersed  in  the  mer- 
cury. That  portion  of  the  upper  part  of  the  tube  which 
is  unfilled  with  mercury  is  the  nearest  approach  to  a 
perfect  vacuum  which  can  be  procured  by  art,  for  on 
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lonreiing  the  tube  deep  enough  into  the  oigtem  of  mer* 
enry,  ^  whole  tube  will  become  completely  filled  with 
the  meremy ;  and  on  elevating  the  tube  in  the  cLitem  the 
nurauy  again  ainks  in  the  tube.  The  Yaeunm  thnii  ob- 
tained la  termed  the  Torricellian  yacunm,  from  ita  being 
firat  obserred  in  1663  by  Torrioelli,  a  pupil  of  GMileo. 
Although  this  is  the  meet  perfect  vacaum  that  can  be 
obtain^  it  is,  neyOTtheless,  not  a  perfect  one,  aa  the 
apparency  empty  space  of  the  tube  contains  a  mimUe 
qvantihr  of  mercunal  vapour. 

35.  If  tiie  atop-cock  at  the  closed  end  of  the  tnbe  were 
opened,  the  mercury  in  the  tube  would  sink  down  to  the 
same  level  as  the  mercury  in  the  cistern.  This  experiment 
proves  that  it  is  the  jrressure  of  the  atmosphere  on  the 
surfiuse  of  the  mercury  in  the  cistern  that  sustains  or  makes 
the  mercury  in  the  tube  stand  about  30  inches  above  the 
levd  of  that  in  the  cistern.  Therefore,  the  pressure  of  the 
atmosphere  at  the  sea  level  must  be  equal  to  thf  weight  of 
a  column  of  mercury  about  30  inches  m  height,  and  the 
base  of  which  is  equal  to  the  sorface  the  air  presses  on. 
How,  a  column  of  mercury  about  30  inches  in  neight,  and 
havinff  an  area  of  one  inch,  weighs  between  14  and  15 
pouBOB ;  consequently,  the  pressure  of  the  atmosphere  at 
the  sea  level  must  be  about  15  pounds  upon  every  square 
indi  of  the  earth's  surface,  and  everything  upon  the  earth. 
Am  the  specific  gravity  of  water  is  13*59  tmies  less  than 
that  of  mercury,  the  atmosphere  must  sustain  a  column 
of  water  13'59  times  higher  than  that  of  mercury,  because 
the  two  columns,  although  so  disproportionate  in  height, 
would  have  the  same  weight.  As  the  density  of  the  atmo- 
sphere decreases  as  we  ascend  (33),  the  height  of  the  mer- 
esrial  column  must  also  lessen  as  we  ascend  above  the  level 
of  the  sea.  The  barometer  can,  therefore,  be  employed  to 
msaaure  the  heights  o  mountains,  and  other  altituaes. 

36.  Not  only  does  the  pressure  of  the  atmosphere 
daerease  as  we  ascend  from  tne  level  of  the  sea,  but  at  the 
sea  lev^  the  mean  pressure  of  the  atmosphere  varies  with 
the  latitude.  But  in  addition  to  these  changes  of  atmo« 
spheric  pressure  with  change  of  altitude  or  place,  the 
presBiire  ''at  the  same  spot  is  liable,  from  a  variety  of 
eanses,  to  continual  variation.  The  average  pressure  at 
the  sea  level  is  equivalent  to  that  of  a  column  of  mercury 
30  inches  in  height ;  but  in  this  climatQ  it  is  sometimes  so 
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diminiahed  as  to  support  a  column  of  only  about  28 
inches ;  at  other  times,  the  pressure  will  be  equivalent  to 
31  inches  of  mercury." — Miller. 

37.  If  a  square  glass  yessel  be  carefully  closed  at  the 
neck,  and  placed  under  the  receiver  of  an  air-pump,  on 
removing  tne  external  pressure,  the  vessel  will  oe  luown 
to  pieces  by  ike  pressure  or  elastic  force  of  the  air  inclosed 
within  the  vessel. 

38.  "  We  see,  from  this  experiment,  that  a  portion  of 
air,  cut  off  from  all  communication  with  the  atmosphere, 
still  exerts  a  pressure  in  all  directions  against  the  sides  of 
the  vessel  containing  it ;  and  it  can  be  proved  that  this 
internal  pressure  is  exactly  equal  to  the  pressure  which  an 
equal  surface  under^s  nrom  the  weight  of  the  external 
atmosphere.  But  this  internal  pressure  cannot  arise  from 
the  weight  of  the  included  air  (for  this  is  only  a  few 
grains);  it  must  therefore  arise  from  its  elasticity,  or 
expansive  force,  that  is  to  say,  the  force  with  which  it  tends 
to  expand  to  its  natural  bulk,  or  that  bulk  which  it  would 
occupy  if  subject  to  no  pressure — if,  for  example,  it  were 
removed  to  the  top  of  the  atmosphere. 

39.  "  The  elasticity,  of  air,  and  the  law  by  which  it  is 
regulated,  can  be  very  well  illustrated  by  means  of  a 

long  bent  glass  tube  (Eiff.  3),  open  at 
its  longer  extremity,  and  nimished  with 
a  stop-cock  at  the  shorter.  The  stop- 
cock Dein^  open,  a  quantity  of  mercury 
is  poured  mto  the  open  end.  The  sur- 
faces of  the  mercury,  A  a,  will,  of  course, 
stand  at  the  same  level  in  both  legs. 
The  two  columns  of  air,  A  C  and  a  V, 
__u  sustain  a  pressure  equal  to  the  weight  of 

^  a  column  of  air  contmued  from  A  and  a 

-^  to  the  top  of  the  atmosphere.    If  we 

|;....iJ.  jr:  ;i  r.;.'.-i      now  close  the  stopcock,  I),  the  effect  of 
the  weight  of  the  whole  atmosphere 
I  ^  s  ~  ^      above  that  point  is  cut  off,  so  that  the 
^  ^pf  surface,    a,    can   sustain   no  pressure 

^■^  arising  from  the  weight   of  the  atmo- 

^-  3.  sphere.    Still  the  level  of  the  mercury 

remains  the  same,  because  the  elasticity  of  the  column  of 
air,  a  D,  is  precisely  equal  to  the  weight  of  the  whole 
colomn  before  this  small  length  was  cut  off.    The  surface, 
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A,  18  slill  pressed  by  the  whole  atmospheric  oolmnn,  and 
tkns  we  see  that  these  two  different  properties  of  the 
atmoqihere,*  its  elasticiig  and  its  vmgktf  exactly  connter- 
bahaee  each  other. 

40.  "Now  we  know  that  Ihe  atmospheric  pressure, 
under  ordinary  circumstances,  is  equsl  to  14 1  lbs.  on  the 
square  inch,  or  to  a  column  of  mercury  30  inches  high. 
It  ifl  eridaity  therefore,  that  the  atmospheric  pressure 
acting  on  A  is  the  same  as  would  be  produced  by  a  column 
of  mereary,  30  inches  high,  resting  on  the  surface  of  A. 
So,  also,  die  force  with  which  the  air  confined  in  a  D, 
prcflsce  hj  its  elasticity  on  the  surface,  a,  is  also  equal  to  a 
eohimn  of  mercury  30  inches  high.  The  pressure  of  iJie 
afcmoaphere  acting  on  the  sur&ce.  A,  is  transmitted  by 
the  mercury  to  the  surface,  a,  and  balances  the  elastic 
foree  of  the  isolated  column,  a  I). 

41.  "  If  we  now  pour  an  additional  quantity  of  mercury 
into  the  open  end  of  the  tube  at  C,  an  mcreased  pressure, 
arising  from  the  weight  of  the  metal,  will  be  transmitted 
to  the  surfiiuse,  a,  and  will  prerail  orer  the  elasticity  of  the 
confined  air;  the  surface,  a,  will  therefore  rise  towards 
D,  eompressing  the  air  into  smaller  space.  On  continuing 
to  pour  in  mercury,  until  the  surface,  a,  rise  to  h,  or 
hall-way  between  a  and  D,  that  is,  imtU  the  confined  air 
is  compressed  into  exactly  half  its  former  limits,  it  will  be 
found,  on  drawing  a  horisontsl  line  from  the  surface,  5,  to 
the  opposite  •&',  in  the  longer  limb,  that  the  column  of 
mercnrf ,  V  B,  measures  exactly  30  inches,  Uie  weight  of 
which  IS  equal  to  the  atmospheric  pressure.  Tbe  force 
with  which  the  surface,  5,  is  pressed  upwards  towuds  D, 
is  therefore  equal  to  two  atmotphertn,  or  double  the  force 
with  which  a  was  pressed  upwards  towards  D.  Hence  it 
appears  that  the  elasticity  of  the  confined  column  of  air, 
&  D,  is  double  its  former  elasticity  when  filling  the  space, 
a  D;  so  that  when  the  sir  is  compressed  into  haff  its 
Tohime,  its  elasticity  is  doubled.  If  we  again  pour  mer* 
eoij  into  the  tube  at  G,  until  the  air  enclosed  in  the 
shorter  limb  be  reduced  to  a  third  of  its  bulk,  as  at  c  D, 
the  compressing  force  will  be  equal  to  three  times  the 
atmospheric  pressure.    The  height  of  ^e  compressing 

*  TIui  appliM  not  only  to  air,  but  to  an  gaaeooB  bodica. 
C 


18  COBIBCTIOV  OJr  aA8B8   FOB  PBBS8UBB. 

column  of  mercury  would  reach  to  C,  namely  60  inches 
above  the  level,  c.  If  we  still  add  mercury,  until  the 
column  rise  to  the  height  of  90  inches  above  its  level 
in  the  short  limb,  the  elastic  force  of  the  confined  air 
would  be  four  times  greater  than  at  first,  and  it  would 
be  compressed  to  the  bulk  of  one-fourth  of  its  orurinal 
volume.  *  This  experiment  proves  that  the  ekutio 
force  of  gcues  varies  in  exactly  ike  same  proportion  as 
their  density. 

42.  Correetion  of  Gases  for  Pressure, — At  the  moment 
a  gas  is  weighed  or  measured,  it  is  necessary  to  observe 
the  height  of  the  barom<fter,  as  this  gives  the  pressure  to 
which  uie  gas  ia  then  subjected,  provided  the  liquid  over 
which  the  gas  ia  collected  stands  on  the  same  level  both  in 
and  outside  the  vessel  containing  the  ^s.  If,  however, 
the  liquid  stands  A^A^  inside  than  outside  the  gas- vessel, 
the  gas  wiU  be  subjected  to  a  pressure  less  than  that  of 
the  atmosphere  at  the  time,  by  the  amount  necessary  to 
support  the  column  of  liquid  above  its  outer  level.  If  the 
liquid  stands  lower  in  the  gas-vessel  than  outside,  the  gas 
is  under  greater  pressure  than  that  of  the  atmosphere !}▼ 
the  amount  of  pressure  which  a  column  of  the  liquid, 
equal  to  tiie  dinerenoe  in  its  heiffht,  without  and  within 
the  gas-vessel  exercises.  In  this  latter  ease,  the  perfect 
level  of  the  liquid  within  and  without  the  vessel  may 
readily  be  restored  by  raising  the  gas-vessel.  If  the  fluid 
stands  higher  within  than  outside  the  vessel,  which  ia 
generally  the  case,  it  is  rarely  possible  in  practice  to 
bring  it  to  the  same  level.  A  correction  has  therefore  to 
be  made  for  this  inequality  of  level,  which  is  accomplished 
in  the  following  way: — Suppose  the  gas  to  have  been 
collected  over  mercury,  in  order  to  allow  for  the  dilatation 
occasioned  by  the  inequality  of  level,  the  difference  of  the 
two  heights  must  be  accurately  measured,  and  the  mea- 
surement so  obtained  must  be  subtracted  frum  the  height 
of  the  mercurial  column  in  Ihe  barometer  at  the  time. 
A  similar  correction  is  required  if  the  gas  be  standing 
over  water,  but  it  la  smaUer  in  amount, — a  colunin  (» 
water,  13*6  inches  in  height,  beini^  equivalent  to  one  inch 
of  mercury.    When  this  correction  has  been  made,  a 
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nmple  calculation  enables  one  to  discorer  the  Yolome  any 
gaji  would  measnTe  at  the  standard  pressure. 

£xnnple. — ^What  Tolnme  wonid  a  gas,  standinff  arer 
merearj,  measure  at  the  standard  pressure,  which  mea- 
sures 60  cubic  inches,  the  barometer  at  the  time  standing 
at  %*75,  ^e  leyel  of  the  mercunr  in  the  ffas-ressel  being 
1*5  inch  higher  than  that  outside?  By  Marriotte's  law, 
the  bulk  or  a  gas  is  inversely  as  the  pressure  to  which  it 
is  sobjeetocL    Therefore, — 

SUadard 

IIHIHII 

30 


SXBBCI8B8. 

18.  What  volume  would  a  gas,  standing  oyer  mercuiy, 
measure  at  the  standard  pressure,  which  measures  19 
cubic  inches,  the  barometer  at  the  time  standing  at  29*06, 
the  leyel  of  the  mercury  in  the  gas-yessel  being  0*5 
inch  higher  than  that  outside  P 

19.  What  yolume  would  a  gas,  standing  oyer  mercury, 
measure  at  the  standard  pressure,  whi<m  measures  20 
cubic  inches,  the  barometer  at  the  time  standing  at  28'05, 
the  leyel  of  the  mercury  in  the  gas-yessel  being  1*0  inch 
higher  than  that  outside  P 

20.  What  yolume  would  a  gas,  standing  oyer  mercury, 
measure  at  the  standard  pressure,  whi^  measures  15 
cubic  inches,  the  barometer  at  Ihe  time  standing  at  31, 
the  leyel  of  the  mercury  in  the  gas-yessel  being  0-2  inch 
higher  than  that  outside  P 

43.  lAquefacHon, — ^We  have  seen  (5)  that  when  sub- 
stances are  submitted  to  the  action  of  heat,  their  tempe- 
fature  is  raised,  and  they  increase  in  yolume.  These  are 
ihs  first  effects  of  heat  on  all  substances,  and  they  are  the 
only  ones  produced  on  gases.  But  if  the  application  of 
hcttt  to  solids  and  liquids  be  continued  after  these  changes 
haye  commenced,  a  temperature  is  reached  at  which  uie 
solids  and  liquids  change  their  state.  Tha  temperature 
at  which  each  solid  changes  its  state,  is  constant  and 
feeuUar  to  itseff*,  and  this  is  called  its  melting  point,  or 
point  offksum,    A  liquid  may  be  regarded  as  a  solid  ii^ 
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oombinatioii  with  a  certam  amoimt  of  heat ;  this  heat, 
which  is  neoeuary  for  the  liquefaction  of  solids,  enters 
into  saoh  intimate  combination  with  matter,  that  it  cannot 
be  detected  in  liquids  by  the  thermometer,  or  any  other 
means,  as  long  as  the  matter  remains  li<juefied.  It  is 
therefore  distiDguished  from  the  heat  which  raises  the 
temperature  of  substances,  and  which  is,  consequently, 
wfutble,  by  the  term  imendble,  or  latent  heat. 

Example. — A  pound  of  water  at  32^  F.,  and  a  pound  of 
ice  at  32*^  F.,  indicate  by  the  thermometer  the  same  decree 
of  heat ;  yet  for  ice  at  32°  F.  to  pass  into  water  at  32°  F.,  it 
must  absorb  a  large  quantity  of  heat,  by  resson  of  which 
it  becomes  liquefied,  and,  losine  which,  the  liquid  would 
become  solidified.  Thus,  if  1  lb.  of  water,  at  32°  F.,  be 
mixed  with  lib.  of  water  at  174°  F.,  the  2 lbs.  of  water 
will  hare  a  temperature  of  103°  F.,  which  is  the  mean 
of  32°  F.  +  174°  F. ;  but  if  lib.  of  ice,  at  32°  F.,  be 
mixed  with  lib.  of  water,  at  174°  F.,  the  2 lbs.  of  water 
will  only  have  a  temperature  of  32°  F.';  142°  F.  degrees 
of  heat  bare  therefore  disappeared, — ^this  ouantity  ofneat 
the  1  lb.  of  solid  (ice),  at  32°  F.,  requirea  for  its  (lique- 
faction) conyersion  into  water  at  32°  F.;  142°  F.  of 
heat  have  therefore  become  latent  in  the  liquefaction  of 
the  ice.*  This  is,  therefore,  the  latent  heat  of  water. 
We  consequently  arriye  at  the  following  law: — That 
when  a  solid  begins  to  liqu^,  it  ceases  to  increase  in  tem^ 
perature  until  the  liquefaction  is  complete,  although  the 
neat  continues  to  he  applied,  because  the  heat  is  required 
for  the  liqu^action  of  the  solid,  and  becomes  latent.  The 
facility  with  which  solids  liquefy,  is  proportional  to  the  ^ 
quantity  of  the  heat  they  require  for  their  liquefaction. 
Example : — Ice  cannot  be  liquefied  until  it  has  reoeiyed 
as  much  heat  as  would  raise  its  own  weight  of  water 
142°  F. ;  therefore  ice  liquefies  yery  slowly,  because  the 
latent  heat  of  water  is  considerable ;  whilst  phosphorua 
and  lead  are  liquefied  by  as  much  heat  as  would  raise 
their  own  weight  of  water  9°  F. ;  therefore  they  mdt 
rapidly,  because  the  heat  required  for  their  liquefacUoa 
is  small. 

*  FoaiUet  bu  oalonkted  that  the  whole  of  the  hest  of  the  nin'i  rays  whidi 
fan  upon  the  •orfaoe  of  the  eerth  in  the  conrae  of  twelre  months,  wonld  be 
expended  in  melting  a  layer  of  ioe  whieh  ooTered  the  entire  surfkce  of  the 
globe  for  a  thiekneet  of  104  feet. 
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41  Hie  smonnt  of  heat  which  is  neoessary  ^or  the  oon- 
renioa  of  solids  into  liquids,  is  disengitf  ed  and  becomes 
sensiUeon  the  conyersion  back  again  or  the  liquids  into 
soJids;  in  fact,  it  is  on  aoooont  of  Hie  abstraction  of  this 
heai  tbst  these  reoonyersions  take  place. 

45w  £wqforaium  —  Vaporization.  —  Solid  and  fluid 
bodieB,  in  the  gaseous  state,  are  called  yapours,  and  their 
eaarenion  into  this  state  is  called  eyaporation,  or  yapo- 
rioftioa.  Yapours,  of  which  steam  is  the  most  familiar 
to  US,  are  light,  expansible,  snd  generally  inyisible  gases, 
resembling  air,  and  the  other  permanent  gsses ;  but  ya« 
poon  are  more  readily  condensed  by  a  change  of  tem- 
pentore  than  the  permanent  gases. 

46.  Yapours,  when  they  are  separated  firom  the  liquids 
wbichhaye  yielded  them,  obey  the  same  laws  (8)  as  gases ; 
bat  if  tbe  liquid  is  present,  heat  not  only  ezpandu  the 
Tipoiir,  but  also  imcreatn  iU  volume  by  the  addition  of 
t  new  quantity  of  yapour. 

Sxample.— Steam,  when  heated  by  itself,  apart  from 
the  liquid  which  produced  it,  does  not  possess  a  greater 
dsstieity  tiian  an  equal  bulk  of  air  confined  and  heated  to 
^  same  degree,  and  may  be  heated  to  the  temperature 
at  which  the  containing  yessel  becomes  red  hot,  without 
aoqinring  great  elastic  force;  but  if  water  be  present, 
tiia  more  and  more  steam  continues  to  rise,  adding  its 
dastic  force  to  that  of  the  yapour  previously  existing,  so 
that  the  pressure  becomes  exoessiye. 

47.  The  passage  from  the  liquid  state  to  the  state  of 
npoar,  is  distinauisked  Jrom  the  passage  of  the  solid 
state  to  the  Lic[uia  state  by  the  important  fact  that,  whilst 
the  Uquefacti<m  of  each  solid  is  produced  at  one  tem- 
perature, the  yaporization  of  each  fluid  occurs  at  a  variety 
of  temperatures. 

48.  When  a  liquid  yaporizes,  with  or  without  the 
application  <^  heat,  and  toe  elastic  force  of  the  yapour 
ii  not  equal  to  the  pressure  of  the  atmosphere,  the  process 
is  called  eyaporation,  and  the  liquid  is  said  to  eyaporate. 

49.  When  a  liquid  yaporizes,  with  or  without  the 
application  of  heat,  and  the  elastic  force  of  its  yapour  is 
equal  to  the  pressure  of  the  atmosphere,  the  yapour  pro- 
dnees  a  bubbling  or  boiling,  and  the  liauid  is  said  to  boil ; 
sad  the  temperature  at  which  this  takes  place  is  called 
the  boiling  point  of  the  liquid.     In  eyaporation,  the 
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▼apoor  is  formed  only  from  the  surface  liquid ;  in  bailing, 
the  yapoiir  is  formed  from  tlie  whole  mass  of  the  liquid. 

50.  It  will  be  eyident,  &om  what  has  been  Btate<t  that 
if  the  pressure  of  the  atmosphere  be  diminished,  either 
artificially,  or  by  ascending  to  greater  heights  in  the  air, 
as  the  tops  of  lofty  mountains,  liquids  will,  on  account  of 
tbe  dimmished  pressure,  boil  at  lower  temperatures;* 
and  if  the  pressure  be  increased,  either  artificially,  or  by 
descending  into  mines,  liquids  will,  on  account  of  the 
increased  pressure,  boil  at  nigher  temperatures ;  in  othe^ 
words,  the  boiling  point  of  liquids  varies  with  the  pressure. 
Neyertheless,  the  temperature  at  which  each  liquid  boils 
is  quite  constant,  under  the  same  circumstances,  and  the 
boiling  point  often  becomes  a  physical  character  of  great 
importance  in  distinguishing  liquids  which  much  re- 
semble  each  other;  as  differewi  bquids,  under  the  same 
circumstances,  boil  at  very  different  temperatures.  Ether, 
for  example,  boils  at  94*8°  F.,  whilst  mercury  boDs,  under 
the  same  circumstances,  at  662^  F. 


BXAHPLBS. 

1.  The  following  verjr  simple  and  beautiful  experiment 
proves  that,  with  the  diminution  of  pressure,  liquids  boil 
at  lower  temperatures.  A  little  water  is  made  to  boil  in 
a  flask,  until  all  the  air  is  expelled,  and  the  steam  issues 
from  the  neck.  A  tightly -fitting  cork  is  then  inserted, 
and  the  lamp  at  the  same  moment  withdrawn.  By 
plunging  the  m&sk  into  cold  water,  the  bailing  is  renewed, 
because  a  partial  vacuum  is  produced  by  the  cold  water 
condensing  the  steam  in  the  nask.  The  boiling  cease*  on 
plunging  the  flask  into  hot  water,  because  the  steam 
ceases  to  be  condensed,  and  its  pressure  stops  the  boiling. 

2.  In  a  Fapin's  digester,  which  is  a  ti^nt  and  strong 
kettle,  with  a  safety  valve,  water  ma^  be  raised  to  30(f  F., 
or  400°  F.,  without  boiling,  but  the  instant  that  this  great 

Sressure  is  removed,  the  boiling  commences  with  pro- 
igious  violence. 

*  We  have  already  noticed  tbat  the  heigbts  of  mountains  can  be  mea* 
anred  by  meana  of  the  barometer;  they  can  also  be  measured  by  aaoer- 
taininf;,  by  meani  of  a  Terr  delicate  thermometer,  at  what  temperature 
water  boils.  A  difference  ox  about  1^  F.  is  occasioned  by  an  ascent  of  about 
S86feet. 
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51.  There  sre  other  circnmfltaiiees,  besides  iffresmre^ 
wludi  infiuenee  the  temperature  at  which  liqnids  boil. 
Hie  presence  of  air  in  a  solution  ha«  been  fonnd  to  assist 
the  eroliiiiQn  of  vapoar.  Water,  deprived  of  air,  may  be 
raued  many  demies  above  its  boilmg  point,  and  it  will 
tiifln  be  suddemy  c<mverted  into  steam  with  explosive 
violence.  **  The  nature  of  the  vessel,  or,  rather,  the  state 
of  its  surface,  also  exercises  an  inflnetioe  on  the  boiling 
point,  and  this  to  a  much  gpreater  extent  than  was  formerly 
supposed.  It  has  long  Men  noticed  that  in  a  metallic 
vemel  water  boils,  nnder  thesame  circumstances  of  pressure, 
at  a  temperature  one  or  two  degrees  below  that  at  which 
ebullition  takes  place  in  glass ;  Imt  it  has  been  shown  that, 
by  particular  maaMrement,  a  much  greater  difference 
can  be  observed,  u  two  similar  glass  flasks  be  taken, 
the  one  coated  in  the  inside  with  a  film  of  shellac,  and 
the  other  completely  cleansed  hv  hot  sulphuric  acid,  water 
heated  over  a  lamp  in  the  first  will  boil  at  211^  F» 
whibt  in  the  second  it  will  often  rise  to  2uiV  F.,  or  eve 
hi^er.  A  momentary  burst  of  vapour  then  ensues,  anu 
the  thermometer  sinks  a  few  degrees,  after  which  it  rises 
again.  In  this  state,  the  inteoduction  of  a  few  metallic 
filings,  or  angular  fragments  of  an^  kind,  occasions  a 
lively  disen^gement  of  vapour,  while  the  temperature 
smka  to  212^  F.,  and  then  remains  stationary.  These 
remarkable  effects  must  be  attributed  to  an  attraction 
between  the  surface  of  the  vessel  and  the  liquid."  The 
aohition  of  solids  in  a  liquid,  on  aceount  of  the  adhesion 
between  them«  also  causes  the  liquid  to  boil  at  a  higher 
tenweratare. 

62.  An  opinion  formerly  prevailed  that  not  only  bodies 
which  are  vaporous  at  a  moderate  temperature,  but  even 
substances,  as  the  earths,  and  some  of  the  metals,  which 
cannot  be  volatilized  in  the  fire,  emit  vapours  at  all  tem- 
TpenJbares,  even  the  lowest.  This  has  oeen  shown  by 
f  araday  to  be  an  erroneoua  ODinion.  He  has  proved 
that  there  is  a  temperature  below  which  volatilization 
ceases;  a  temperature  which  varies  for  different  sub- 
staaces.  For  mercury,  the  limit  is  about  40^  F. ;  for 
sulphuric  acid,  the  limit  is  much  higher,  since  ike  acid 
undergoes  no  sensible  evaporation  at  ordinary  atmo- 
spheric temperatures.  The  cohesive  force  between  the 
jMjrticles  of  a  liquid  is  greater,  probably,  than  the  repe!* 
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lant  power  between  the  particles  at  the  temperature  at 
which  the  liquid  ceases  to  evaporate,  and  this  it  is  whidli 
puts  a  stop  to  the  eyaporation. 

53.  Some  solid  bodies,  such  as  camphor  and  arsenic, 
pass  at  once  into  vap^our  without  bemg  liquefied ;  but  most 
solids  become  liquid  before  they  are  converted  into 
vapour.  Even  ice  and  snow  can  evaporate  without  first 
liquefyinff .  It  is  owing  to  this  evaporation  that  patches  of 
snow  and  tufts  of  ice  are  observed  gradually  to  disappear 
even  daring  the  continuance  of  a  severe  frost. 

54.  On  the  application  of  heat  to  a  liquid,  the  tem^ra- 
ture  of  the  liquid  continues  to  increase  until  the  boding 
point  is  reached ;  but  the  moment  ebullition  commences, 
the  temperature  of  the  liquid  remains  stationary,  however 
intense  the  heat  applied  may  be,  and  however  long  con- 
tinued. **  This  fact  is  of  importance  in  domestic  economy, 
particularly  in  cookery,  and  attention  to  it  would  save 
much  fael.  -Soups,  &c.,  inade  to  boil  in  a  gentle  way,  by  tibe 
application  of  a  moderate  heat,  are  just  as  hot  as  when 
they  are  made  to  boil  on  a  strong  nre  with  the  greatest 
violence." 

55.  Although  liquids  are  converted  into  vapours  at  and 
below  the  ormnary  temperature  of  the  air,  they  never- 
theless require  for  this  conversion  a  large  amount  of  heat, 
which  becomes  insensible,  or  latent,  in  the  vapour.  If, 
for  instance,  a  few  drops  of  ether  be  allowed  to  fall  on 
the  hand,  the  ether  evaporates,  and  a  sensation  of  cold  is 
experienced,  because  the  ether  requires  for  its  vapoiiasa- 
tion  a  large  amount  of  heat,  which  it  obtains  from  tiie 
hand,  hence  the  cold.  Water  may  even  be  frozen  by  the 
rapid  absorption  of  heat  occasioned  by  its  own  evapora- 
tion. The  porous  water-jars  which  are  iteed  in  warm 
countries  to  keep  liquids  cool,  owe  their  efficacy  to 
the  latent  heat  of  vapours. 

66.  The  sensible  heat  of  vapours  is  the  same  as  that  of 
the  liquids  from  which  they  are  produced,  therefore,  a 
vapour  produced  from  a  liquid  which  has  the  tempera- 
ture of  6(y  F.,  will  also  have  that  temperature ;  but  if  the 
liquid  had  a  temperature  of  212^  F.,  the  vapour  would 
also  have  a  temperature  of  212°  F. 

57.  Equal  weights  of  different  liquids  require  very  dif- 
ferent amounts  of  heat  to  convert  them  into  vapour. 
But  a  much  larger  quantity  of  heat  is  necessary  to  con< 
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Tert  flnida  into  Taponn  than  solids  into  flnids.  As  an 
example,  obeeire  the  quantity  of  heat  necessary  to  concert 
ice  into  water,  and  water  into  steam :  1  lb.  of  loe  at  32*  F. 
remiiree  for  its  oonrersion  into  1  lb.  of  water  at  32^  F., 
142*  E.  of  heat ;  but  1  lb.  of  water  at  212*"  F.  requires  for 
its  oonTersion  into  1  lb.  of  steam  at  212**  F.,  966*6"  F. ;  so 
that  966*6"  F.  of  heat  hare  disappeared,  or  become  latent, 
in  conTertinff  water  into  the  raporous  state ;  the  latent  heat 
of  steam  is,  uerefore,  966*6"  F. ;  consequently,  the  conver- 
sion of  1  lb.  of  steam  at  212"  F.  into  water  at  212"  F.  would 
erolre  as  much  heat  as  would  raise  966*6  lbs.  of  water  1"  F. 
If  the  heat  necessary  for  the  vaporous  state  is  abstracted, 
the  Tapour  is  converted  into  the  liquid  state.  The  weU- 
known  process  of  distillation  is  an  application  of  this 
principle. 

68.  "Wei  owe  to 
Andrews  a  careful 
determination  of 
the  latent  heat  of  a 
number  of  vapours. 
Fig.  4  shows  the 
JDMB  of  procedure 
which  he  sdopted. 
The  liquid  to  be 
triedis  placed  in  the 
flask.  A,  the  neck  of 
which  has  a  verj 
short  bend,  snd  is 
connected  with  a 
slass  receiver,  B, 
nimished  wilJi  a 
spmd  conducting 
tube,  terminating 
at  d;  this  receiver 
is  placed  in  avessel, 
C,  with  a  consider-  _^       ^^ 

able    quantity    of  ^  ^^^ 

water    which    has  Fig.  4. 

been  accurately  weighed.  The  liquid  is  distilled  over 
into  B ;  the  quantity  that  condenses  is  carefully  weighed, 
and  the  rise  of  temperature  experienced  by  the  water 
used  for  condensation  is  estimated  by  a  very  sensitive 
tiiermcHneter,  t.    The  whole  is  enclosed  in  an  outer  tin- 
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plate  yessel,  D,  furnished  with  a  lid,  which  aets  as  a  screen, 
and  is  further  protected  from  the  radiation  of  the  lamp  by 
the  tin-plate  screen,  E ;  «  is  alight  glass  tube  for  agitating 
the  water.  The  result  obtained  has,  however,  to  be  cor- 
rected by  other  erperiments,  for  the  heat  absorbed  by 
the  metallic  parts  of  the  apparatus,  and  for  that  which 
is  lost  by  radiation  during  the  time  that  the  experi-* 
ments  last ;  allowance  has  also  to  be  made  for  the  beat 
which  the  condensed  liquid  has  siyen  out  after  its  lique- 
faction, in  cooling  down  from  its  boiling  point  to  the  tem- 
perature of  the  water  used  in  the  condenser." 


EquAl 

Equal 
Weiffhtfl 

Eqoal 
Weights, 
Steams 

1000 

Equal 
Volumes 
Steam  B 

1000. 

Point 
op 

Sp.  Or. 

aia2°F. 

Water  .     . 
Wood  Spirit 
Alcohol 
Ether    .    . 
Oil  of   Tur- 
pentine . 

536-67 

263-70 

202-40 

90-45 

68-73 

966-6 
474-6 
364-3 
162-8 

123-7 

1000 
4910 

374-9 
168-4 

128-0 

1000 

872-9 
9631 
692-3 

966-9 

212-0 

149-9 

173-1 

94-8 

1-0000 
0-8179 
0-8151 
0-7366 

59.  ''The  numbers  contained  in  the  third  column  indi- 
cate the  quantities  of  water  in  pounds,  the  temperature  of 
which  would  be  raised  l^'F.  by  condensation  into  the  liquid 
form  of  a  pound  weight  of  the  vapours  of  each  of  the 
liquids  mentioned ;  the  liquid  condensed  being  supposed 
in  each  case  to  be  at  the  temperature  of  its  own  boiling 
point.  For  instance,  the  conversion  of  one  pound  of 
steam  at  212*  into  water  at  212''  would  raise  966*6  pounds 
of  water  from  60"  to  61*  E.  So  the  condensation  of  one 
pound  of  the  vapour  of  alcohol  at  173*  into  liquid  alcohol 
at  173*  would  heat  3749  pounds  of  water  from  60*  to  61*." 
The  numbers  in  the  fourth  colunm  are,  with  the  excej)- 
tion  of  ether,  approximatiyel^  equal;  the  same  is  also 
true  of  some  other  liquids  not  included  in  the  table ;  it  is, 
nevertheless,  not  universally  true  that  equal  volumes  of 
vapours  of  different  liquids,  under  equal  pressures,  contain 
equal  amounts  of  latent  heat. 

60.  The  heat  absorbed  in  vaporisation  decreases  as  the 
temperature  of  the  vaporizing  liquid  increaset.  For 
instance,  a  given  weight  of  water  at  212*  F.  requires  less 
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liottt  for  its  Taporixation  than  tbe  same  quantity  at  lOO'F. 
Teqnires,  therefore  the  quantity  of  heat  which  ia  rendered 
latent  hy  ihe  converBion  of  a  liquid  into  rapour  yaries 
widi  tlie  temperature  at  which  the  evaporation  takes 
jfiace,  the  quantity  of  heat  which  becomes  ktent  increas- 
mg  as  ike  temperature  decreases.  Watt  concluded  from 
his  experiments  on  steam  that  liquids  require  for  their 
eonvenion  into  yapour  the  same  total  Quantity  of  heat  at 
sU  temperatures,  and  as  the  quantity  tnat  remained  seii-> 
Bible  increased,  the  quantity  that  became  latent  de- 
creased  in  the  same  proportion.  "  For  instance :-« 
Aeertamweightof8teamat212"F.,)  180*of8ensibleheat. 
eondensed  at  32*  F.,  giyes  out      S    950^  of  latent  heat. 

Amounting  together.to  -        -  1130* 

The  same  weight  of  steam  at  250', )    218-of  sensible  heat 

eondensed  at  32",  giyes  out         S  o^uoxwi^ 

But  only        ....  912"*  of  latent  heat 

StQl  amounting  together  to    -  1130* 

'tSKr&f^ro^li  !«>•'}  "^.ofsensibleheat 
But  now  as  much  as       -        -  1062"  of  latent  heat. 

Making  together,  as  before    •  IISO"'** 

61.  If  liquids  required  for  their  conversion  into  vapour 
the  same  total  quantity  of  heat,  there  would  be  no  economy 
in  distilling  at  one  temperature  rather  than  another. 

62.  Se^ault  has  submitted  the  subject  to  a  rigorous 
examination,  and  his  results  show  that  the  total  amount 
of  heat  at  all  temperatures  is  not  the  same,  but  increases 

5r  a  constant  difference  equal  to  0*305  for  each  degree  C  • 
e  found  that  the  latent  heat  of  steam  at  0°  C.  is  606;6; 
so  that  the  formula  for  calculating  the  total  quantity 
of  heat  is  steam  at  different  temperatures  becomes — 

X  =  606-5 +0-305^, 

in  whioh  X  represents  the  sum  of  the  latent  and  sensible 

•  ICDei'B  **  Gheaueia  FhyuoB,"  and  edit. 
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heat,  while  606*6  is  the  latent  heat  of  the  yapour  at  (f, 
and  t  the  given  temperature. 

63.  £qual  bulks  of  different  liquids  produce  yery 
different  volumes  of  yapour.  Water  furnishes,  bulk  for 
bulk,  a  much  larger  amount  than  any  other  liquid,  a 
cubic  inch  of  water  at  212°  F.  expanding  to  nearly  « 
cubic  foot  of  steam  at  212°,  or  more  accurately,  to  1,696 
times  its  yolume.  The  following  table  shows  the  volume 
of  vapour  which  is  furnished  by  a  cubic  inch  of  four 
different  liquids,  at  their  respective  boiling  points.  E(][ual 
volumes  of  different  vapours,  taken  at  the  boiling  pomts 
of  their  respective  liquids,  consequently  possess  veiy 
different  wei^ts,  as  is  shown  by  the  last  oolunm  of  the 
table : — 


loaUoioohor 

each  liquid  at 

aOOF.jieldsin 

the  case  of 

Culnoioohesof 

yapooratitaboU- 

ing  point. 

Weight  in  grains  of 
hoiUng  point. 

Water     . 
Alcohol   . 
Ether.    . 
Oil  of  Tur- 
pentine 

1,696 
628 
298 

193 

212 

173 

96 

814 

14*93 
40*49 
64-71 

117*71 

64.  "  The  expansive  force  of  the  different  vapours  ob- 
viously depends  upon  the  bulk  of  vapour  produced  from 
an  equal  bulk  of^each  liquid;  and  although  the  latent 
heat  required  to  convert  equal  bulks  of  other  liquids  into 
vapour  IS  much  less  than  tnat  required  for  steam,  yet  no 
economy  would  be  experienced,  even  did  they  cost  no  more 
than  water,  by  substituting  liiese  liquids  for  water,  as 
the  materials  K>r  generating  vapour  in  the  steam  engine.*' 
—Miller, 

66.  The  elastic  force  of  a  va|>our  varies  with  the  con- 
dition under  which  the  vapour  is  formed ;  if  the  vapour 
is  produced  below  the  boiling  point  of  the  liquid,  its  elas- 
tic force  is  not  equal  to  the  pressure  of  the  atmosphere 
(48) ;  if  the  vapour  is  produced  at  the  boiling  pomt  of 
the  Uquid,  its  elastic  force  is  equal  to  the  pressure  of  the 
atmosphere  (49) ;  if  the  vapour  is  produced  above  the 
normal  boiling  point  of  the  liquid,  its  elastic  force  exceeds 
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the  normal  piressure  of  the  atmoflphere.  Steam  of  greater 
teonon  than  the  atmospheric  preBsore  is  oallea  high 
pnuitn  0team«  The  tension  of  steam  increases  very 
rapidly:  at  the  traiperatnre  of  260'52^  F.  it  is  equal  to  two 
atmoflpheres  (twice  l^e  pressure  of  the  atmosphere) ;  at 
510*6^  F.  it  is  equal  to  50  atmospheres. 

66.  We  have  now  to  consider  how  the  tension  of  yap 
tt  dififerent  temperatores  has  been  determined. 

07«  For  measuring  the  elastic  force  of  the  rapou 
water  below  zero,  Gay 
Lnssac  made  nse  of  two 
barometer  tabes  filled  with 
menmry ,  the  open  ends  dip- 
ping nnder  mercurf  in  the 
same  basin.  (Fi^.  5.)  One 
of  the  tubes,  A,  which  is 
straight  and  perfectly  freed 
firom  air  and  moisture,  by 
boiling  the  mercury  in  the 
tube,  serves  to  measure  the 
nressure  of  the  atmosphere. 
The  other  tube  is  bent,  so 
that  a  part  of  it  can  be 
surrounded  with  a  freezing 
mixture,  as  represented  in 
the  figure.  It  we  now  in- 
troduce a  fewdro]^8  of  water 
abore  the  mercurial  column 
in  ti&e  tube,  B  C,  we  observe 
that  the  level  of  the  mer- 
eury  in  this  tube  is  lower 
than  in  the  tube.  A,  bjr  a 

rintity  which  varies  with 
temperature  of  the  freez- 
ing mi^ure. 


Fig.  6. 

0^  C,  the  depression  is  in  millimetres  ...    4*60 

— 10"      1-96 

—20*     0-84 

— 30»      0-36 

These  depressions,  which  are  necessarily  due  to  the 
tension  of  the  vapour  in  the  tube,  B  C,  show  that  at  very 
low  temperatures  there  is  still  aqueous  vapour  in  the  air. 
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68.  Only  a  portion  of  the  vapour  in  the  tube,  B  C,  is 
exposed  to  the  freezing  mixture  ;  but  it  is  an  establish- 
ed principle  of  hygrometry,  that  when  the  tempera- 
tvres  of  two  vessels  communicating  with  each  other  are 
unequal,  the  tension  of  the  vapour  is  the  same  in  botk^ 
ana  is  always  that  which  corresponds  to  the  lowest  tem- 
perature, 

69.  Dalton  measured  the  elastic  force  of  the  yapour  of 
wat«r  from  32''  F.  to  212°  F.  by  means  of  the  following 
apparatus.  Two  barometer  tubes,  A  and  B  (Fig.  6),  are 
put  into  the  same  basin  of  mercury,  which  is  placed  upon  a 
furnace.    The  barometer,  B,  is  completely  freed  from  air 

andmoisture;  in  other  words, 
it  is  a  perfect  barometer  : 
the  barometer,  A,  contains  a 
small  amount  of  water  above 
its  mercury  column.  These 
two  barometers  are  enclosed 
in  a  tall  glass  cylinder  filled 
with  water,  and  a  thermo- 
meter dips  into  the  water 
in  the  centre  of  the  cylinder, 
which  gives  the  temperature 
of  the  liquid.  In  heating 
^adually  the  basin  contain- 
mg  the  mercury,  and  conse- 
quently the  water  in  the 
glass  cylinder,  the  water  in 
the  tube  continues  to  vapo- 
rize, and  as  the  tension  of  the 
aqueous  va^ur  augments, 
the  mercury  m  A  falfi  lower 
and  lower.  The  depression 
which  is  produced  in  A,  be- 
low the  level  in  B,  for  eack 
degree  the  temperature  is 
increased,  is  noted  upon  the 
scale,  E.  The  apparatus  of 
Dalton  can  be  used  so  long 
as  the  elastic  force  of  the 
vapour  does  not  exceed  the 
pressure  of  the  atmosphere. 


Fig.  s. 


When  the  tension  is  equal  to  the  atmospheric  pressure^ 
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tlie  siir&oe  of  the  mercurj  colmnn  will  be  depressed  to 
the  lerel  of  the  mercury  in  the  basin,  and  the  experiment 
is  at  an  end. 

70.  B^jnanlt  employed  a  form  of  apparatus  which 
has  the  advantage  of  indicating  all  pressures  and  tempe- 
ratures, whether  aboye  or  below  the  boiling  point.  "  His 
process  consists  in  boiling  water  in  a  vessel  under  a  known 
pressure,  and  ascertainmg  the  temperature  at  which  it 
Doils.  This  method  depends  ujp>n  the  principle  that 
wh^i  the  water  boils,  the  steam  it  produces  will  have  a 
pressure  precisely  equal  to  that  to  which  the  water  itself 
IS  submitted. 

7L  "  The  apparatus  consists  of  a  copper  boUer  (Fig.  7), 
closed  so  as  to  be  steam-tight,  filled  to  about  a  third  of 


Kg.  7. 
itB  d^acity  with  water,  and  placed  upon  a  charcoal  fur- 
nace.     The  tubes  of  four  thermometers,  whose  bulbs 
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descend  to  different  depths  in  it,  pass  steam-tight  thron^^h 
collars  in  the  top.  Two  of  these  bnlhs  are  immersed  in 
the  upper,  and  two  others  in  the  lower  strata  of  the  liquid. 
The  boiler,  G,  is  connected  by  a  tube,  A  B,  with  a  large 
glass  globe,  M,  having  a  capacity  of  about  five  gallons, 
which  is  filled  with  air.  The  tube,  A  B,  is  surrounded 
by  a  larger  tube,  D,  which  is  kept  filled  with  cold  water, 
flowing  nom  a  cistern,  E,  and  discharged  into  another,  A. 
From  the  upper  part  of  the  globe,  M,  two  tubes  proceed, 
one  of  which  communicates  with  an  air  g&iigOf  O,  and  the 
other,  H,  is  terminated  in  a  connecting  piDar,  H',  which 
may  be  attached  at  pleasure,  either  to  uie  plate  of  an  air 
pump,  or  to  that  of  a  condenser,  so  that  the  air  in  M  can 
DC  made  to  have  any  degree  of  pressure,  either  above  or 
below  ^at  of  the  atmosphere.  The  globe,  M,  is  immersed 
in  a  reservoir  of  water,  at  the  temperature  of  l^e  surround- 
ing air. 

72.  If  it  be  desired  to  measure  the  pressure  of  the  va- 
pour of  water  corresponding  to  temperatures  below  the 
Soiling  point,  the  connector,  H',  is  attached  to  the  plate 
of  an  air  pump,  and  the  air  in  M  is  gradually  rarefied,  so 
as  to  assume  a  series  of  decreasing  pressures  below  that  of 
the  atmosphere.    The  thermometer  in  C,  shows  the  tem- 

geratures  corresponding  to  these  pressures  severally,  and 
[le  gause,  O,  shows  the  corresponding  pressures. 

73.  It  it  be  desired  to  ascertain  the  pressures  corre- 
spondingto  temperatures  above  the  boiling  point,  the  con- 
nector, H',  is  attached  to  a  condenser  or  a  force  pump, 
by  means  of  which  the  air  in  M,  and  in  the  boiler,  C,  is 
submitted  to  a  series  of  increasing  pressures  above  that 
of  the  atmosphere.  The  corresponding  temperatures,  as 
before,  at  which  the  water  boils  in  C,  are  mdicated  by 
the  thermometers. — Lardner, 

74.  These  researches  have  resulted  in  the  construction 
of  tables  which  make  known  the  elastic  force  of  the  vapoxtr 
of  water  at  different  temperatures.  The  foUowing  tables 
give  the  degree  of  tension  for  the  various  temperatures, 
at  which  analyses  are  likely  to  be  made.  The  tension  of 
the  vapour  of  water  is  expressed  by  the  height  of  a  column 
of  mercury  counterbalancing  it.  The  first  table  gives  the 
elastic  force  in  inches  of  mercury  for  Fahrenheit's  thermo- 
meter ;  the  second  gives  the  elastic  force  in  millimetres 
of  mercury  for  the  centigrade  thermometer. 
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Tablb  I.— Elastic  Poxcb  op   AQUxoirs  Vapottb    ih 
Ikchss  of  Msbcubt,  vob  Faebbhhxit's  Thxbho- 


%• 

InehMof 

Temp. 
Falu 

Foree. 
loohetof 

Tamp. 
F»h. 

Force. 
InchM  of 
Merosry. 

(f 

0051 

35« 

0-208 

7(f 

0-723 

1 

0-063 

36 

0-216 

71 

0-748 

2 

0-066 

37 

0-224 

72 

0-773 

3 

0068 

38 

0-233 

73 

0-799 

4 

0-060 

39 

0-242 

74 

0-826 

6 

0063 

40 

0-261 

75 

0-864 

6 

0-066 

41 

0-260 

76 

0-882 

7 

0-069 

42 

0-270 

77 

0-911 

8 

0-071 

43 

0-280 

78 

0-942 

9 

0-074 

44 

0-291 

79 

0-973 

10 

0-078 

45 

0-302 

80 

1-005 

11 

0081 

46 

0-313 

81 

1-036 

12 

0-084 

47 

0-324 

82 

1-072 

13 

0K)88 

48 

0-836 

83 

1-106 

U 

0-092 

49 

0-349 

84 

1-142 

15 

0096 

50 

0-361 

85 

1-179 

16 

0099 

51 

0-375 

86 

1-217 

17 

0-103 

52 

0-389 

87 

1-266 

18 

0-107 

53 

0-402 

88 

1-296 

19 

0-112 

54 

0-417 

89 

1-337 

20 

0-116 

55 

0-432 

90 

1-380 

21 

0-121 

56 

0-447 

91 

1*423 

22 

0-126 

57 

0-463 

92 

1-468 

23 

0-131 

58 

0-480 

93 

1-514 

24 

0136 

59 

0-497 

94 

1-562 

25 

0-142 

60 

0-514 

95 

1-610 

26 

0147 

61 

0-532 

96 

1-660 

27 

0153 

62 

0-661 

97 

1-712 

28 

0159 

63 

0-570 

98 

1-764 

29 

0-165 

64 

0-590 

99 

1-819 

30 

0172 

65 

0-611 

100 

1-874 

31 

0-179 

66 

0-632 

101 

1-931 

32 

0-186 

67 

0*654 

102 

1-990 

33 

0-193 

68 

0-676 

103 

2-050 

34 

0-200 

69 

0-699 

104 

2-112 

34 
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Temp. 
Fall. 

Force. 
Inches  of 
Mercury. 

Temp. 
Fak. 

Force. 
Inches  of 
Mercury. 

Temp. 
Fah. 

Foroe. 
Inches  of 
Mercury. 

105' 
106 

107 
108 
109 
110 
111 

2176 
2-241 
2-307 
2-376 
2-447 
2-619 
2-593 

112° 

113 

114 

116 

116 

117 

118 

2-669 

2-747 
2-826 
2.908 
2-992 
3078 
3166 

119° 

120 
121 
122 
123 
124 

3-267 
3-349 
3-444 
3-642 
3-641 
3-743 

Table  II. — ^Elastic  Fobce  of  Aqueous  Vapour   in 

MiLLIMETBES   OF   MeBCUSY  FOB  CbNTIOBADB    ThbR- 
MOMBTBB. 


Force  of  the 

Force  of  thie 

Temp.' 

Aqaeoos 

Temp. 

Aqueous 

Temp. 

Aqueous 

Cent. 

Yapoarin 
MiUmietres. 

Cent. 

Vapour  in 
Millunetres. 

Cent. 

Vapour  in 
MilSmetres. 

(f 

4-625 

14° 

11-882 

28° 

28-148 

1 

4-867 

15 

12-677 

29 

29-832 

2 

6231 

16 

13-519 

30 

31-602 

3 

5-619 

17 

14-409 

31 

33-464 

4 

6032 

18 

15-351 

32 

35-419 

5 

6-471 

19 

16-345 

33 

37-473 

6 

6-939 

20 

17-396 

34 

39-630 

7 

7-436 

21 

18-606 

35 

41-893 

8 

7-964 

22 

19-675 

36 

44-268 

9 

8-626 

23 

20-909 

37 

46-768 

10 

9-126 

24 

22-211 

38 

49-368 

11 

9-761 

26 

23*682 

39 

62103 

12 

10-421 

26 

26-026 

40 

64-969 

13 

11-130 

27 

26-647 

75.  The  tension  of  the  vapour  of  other  liquids  could  be 
determined  by  the  methods  which  have  been  given  for 
determining  the  tension  of  aqueous  vapour. 

76.  Vapours  occupy  a  much  larger  volume  than  the 
liquids  from  which  they  are  produced,  and  equal  volumes 
of  different  liquids  generate  very  different  volumes  of 
vapour.    At  the  same  temperature  the  elastic  foroe  of  the 
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Fig.  8. 


TapouzB  of  different  liquids  is  different, — the  more  volatile 
the  liquid  the  greater  the  tension  of  its  vapour.  This 
is  easilj  proved  for  elasticities  below  that  of  atmospheric 
air,  hj  filling  a  number  of  baro- 
meter tubes  (Fig.  8)  with  mer- 
curv»  and  inverting  them  in  a 
'bath  of  the  same  metal.  One  of 
the  tubes.  A,  is  used  as  a  baro- 
meter to  measure  the  mressure  of 
the  external  air ;  into  J3  is  intro- 
duced, by  means  of  a  pipette,  a 
few  drops  of  water;  into  C,  a  few 
drops  of  alcohol ;  into  D,  a  few 
drops  ef  bisulphide  of  carbon; 
ana  into  E,  a  few  drops  of  ether: 
the  different  liquids  will  ascend 
to  the  top  of  the  mercury  and 
then  evaporate.  The  elastic 
force  of  each  vapour  will  de- 
maa  the  column  of  mercury, 
out  the  amount  of  depression 
will  vary  with  the  liquid ;  the  vapour  of  water  will  cause 
the  hast  depression,  and  therefore  its  elastic  force  is 
least ;  alcohol  the  next ;  bisulphide  carbon  the  next ;  and 
ether  the  greatest.  The  elastic  force  of  the  vapours 
counteracts  the  pressure  of  the  atmosphere  to  the  extent  of 
the  depression  they  cause  in  the  mercurial  column,  con- 
sequently, it  is  easy  to  find  the  pressure  each  of  these 
vapours  exercises,  say,  upon  every  square  inch ;  for,  if  the 
atoi08|diere  at  the  time  supports  a  column  of  mercury 
20  inches  in  length,  its  pressure  is  equal  to  15  lbs.  on 
every  square  inch ;  if  tne  vapour  oi  water  depresses 
the  mercurial  column  one  inch,  its  pressure  must  be  equal 
to  y^  of  15  lbs. ;  if  the  alcohol  depresses  the  mercury 
2  inches,  and  the  ether  depresses  it  zO,  the  pressure  they 
exercise  is  found  in  the  same  way.  It  has  been  proved 
that  the  elasticity  of  the  vapour  emitted  from  each  liquid 
increases  as  the  temperature  rises,  xmtil,  at  the  boiling 
point  of  each  liquid,  the  elasticity  of  the  vapour  is  equal 
to  the  pressure  of  the  atmosphere. 

77.  thXton  considered  that  all  vapours  have  the  same 
elasticity  at  an  equal  number  of  degrees  above  or  below 
their  boiling  points ;  other  experimenters  have  not  found 
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this  to  be  perfectly  correct*  althoni^h  for  short  distances 
above  or  below  the  boiling  point  it  is  very  nearly  true, 
except  in  the  case  of  mercury. 

78.  The  quantity  of  yapour  thai  can  be  formed  from 
any  Hquid  depends  upon  tne  8]^aoe  and  the  temperature ; 
the  same  quantity  of  vapour  will  pass  into  the  space  if  it 
be  filled  with  gaseous  matter  or  with  other  vanours,  or  if 
it  be  perfectly  empty ;  the  only  difference  oeing  that 
it  reijuires  a  longer  time  to  pass  into  tiie  space  which 
contains  other  gaseous  or  vaporous  bodies  than  it  would 
require  if  the  space  were  empty.  '*  Different  gases  and 
vapours  offer  no  resistance  to  eadi  other's  ^asticitj ; 
thus,  the  particles  of  watery  vapour  in  the  air  a3*e  not 
subjected  to  the  pressure  of  the  atmosphere,  but  only 
influenced  by  the  pressure  of  the^  particles  of  the  same 
kind ;  and  hence,  at  32*,  when  the  elasticity  of  vapour 
is  only  0'200  inch,  it  retains  perfectly  its  elastic  consti- 
tution, though  diffiised  through  an  atmosphere,  the  eba- 
tieity  of  which  may  equal  thirtr  indies." 

79.  The  mixture  of  a  gas  ana  vapoor  obeys  ike  two  fbl- 
lowing  laws ;  these  laws  were  discovered  by  Dalton,  and 
Imown  under  the  name  of  the  "  Laws  of  Dalton:"— 

1.  J^e  amount  qf  vapour,  which  will  saturate  a  given, 
space  at  a  given  temperature,  and  its  tension  are  the  same, 
whether  the  space  he  completely  empty  or /tiled  with  gas, 

2.  The  elastic  force  of  a  mixture  qf  gas  and  vapour  is 
equal  to  the  sum  of  the  tensions  which  each  would  have 
separately, 

80.  Correction  qf  gases  for  the  tension  qf  a^eous  vapour, 
— ^We  learn  from  Table  I.,  that  the  elastic  force  of  the 
vapour  of  water  at  80^  E.  would  depress  the  merouriaL 
cbmmn  one  inch ;  or  its  tension  is  one-tibdrtieth  of  the 
usual  tension  of  the  air ;  therefore,  if  a  gas  perfectly  diy 
were  saturated  with  aqueous  vapour  at  ^F.,  the  vapour 
would  increase  the  tension  of  the  gas,  if  it  were  conmed, 
by  one-thirtieth ;  or  if  the  gas  were  allowed  to  expand, 
the  vapour  would  increase  its  bulk  by  one-thirtieth.  A 
gas  containing  aaueous  vapour  must  therefore  occony 
more  space  than  if  it  were  perfectly  dry,  by  reason  of  uie 
pressure  which  the  vapour  exercises  on  the  confining 
fluid.  It  is,  therefore,  necessary  to  take  care,  in  measur- 
ing gases,  that  they  are  either  perfectly  dry,  or  thoroughly 
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ntoraied  with  aqueouB  vapour.  To  find  the  actual 
preBBme  upon  a  gas  saturated  with  rapour,  we  must  sub- 
tract fiom  tJie  apparent  pressure  the  amount  neutralued 
by  the  tension  or  aqueous  rapour.  Example. — Suppose 
a  gas  saturated  with  aqueous  vapour  measured  100  cubic 
iuffihes,  the  temperature  being  50^  F.,  and  the  atmospheric 
prossore  at  the  time  ^*361  inches;  how  much  space 
would  the  gaa  occupy  in  the  dry  state,  and  at  30  inches 
pessureP  The  tension  of  aqueous  vapour  at  60°  F. 
IS  0*361  (Table  !.)>  therefore,  Uie  gas  is  not  imder  the 
apparent  pressure  of  29*361,  but  under  the  actual  pres- 
sure of  29*361  —0*361  =  29*0  inches ;  therefore,— 

Bteadttd  01»err«d  ObMrved        True 

prcMore.  dnmom.  TobuM.        yoiaxM, 


30  :    {^^J-<^^i=}    ::   loo    :   96« 

81.  We  have  to  attend  to  the  following  points  in  the 
messurine  of  gases : — ^1.  We  must  determine  ss  accurately 
as  possible  the  height  of  the  water  or  mercury  in  the 
vessel  containing  me  gas,  above  that  outside ;  and  the 
difference  must  be  subtracted  from  the  height  of  the 
barometric  column  at  the  time  (42).  2.  If  moist,  we 
most  correct  for  the  tension  of  aqueous  vaiK)ur  (SQ),  3. 
Tbese  two  corrections  being  made,  and  having  observed 
the  height  of  the  barometer,  we  have  to  subtract  from  the 
apparent  pressure,  the  height  of  the  liquid  in  the  gas- 
vessel  and  the  tension  of  the  vapour,  to  get  the  actual 
pressure  to  which  the  gas  is  subjected  at  the  moment  it  is 
measured.  4  We  must  correct  the  gas  for  temperature 
(12).*  As  the  volumes  of  gsses  can  be  compared  only 
if  measured  at  the  same  temperature,  under  the  same 
pressure,  and  in  the  tame  hygroscopic  state ;  the  tem- 
perature is  generally  reduced  to  60*  F.,t  the  hygroscopic 
state  of  the  ^ases  to  0,  and  the  pressure  to  30  inches.! 

&.  If  it  IB  desired  to  find  tne  weight  of  a  gas  which 
has  been  measured,  it  is  necessary  to  ascertain  the  weight 
corresponding  to  the  volume  found,  before  the  propor- 
tional amount  of  the  gas  in  100  parts  by  weight  of  the 

•  It  don  not  signify  in  what  order  the  oorreotioni  are  made, 
t  TUa,  aa  we  before  stated,  is  the  Bngliah  standard;  the  Gontineatal one 
ia«PC.s8r*F. 

i  The  standard  pressure  adopted  on  the  Continent  ia  700  millimetres  e 
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analysed  substance  can  be  calculated.  But  as  the  exact 
TT  eight  of  a  certain  definite  volume  of  the  various  gases 
halt  been  determined  very  accurately,  the  calculation  is 
a  simple  rule-of-three  question,  after  the  gas  we  have 
measured  has  been  corrected,  if  moist,  for  the  tension  of 
the  aqueous  vapour,  and  brought  to  the  standard  of  com- 
pari  son  as  regards  the  temi>erature  and  pressure. 

83.  The  following  data  will  be  required  in  some  of  the 
exercises: — 

1,  Hydrogen  and  oxygen  unite  in  the  proportion  by 
measure  of  two  volumes  of  H  to  one  volume  of  O. 

2.  Carbonic  oxide  and  oxygen  unite  when  expjloded  bjr 
tbe  electric  spark,  2  volumes  of  CO  combining  with 
I  volume  of  O,  and  forming  2  volumes  of  C  O,. 

^,  Absolute  weight  of  atmospheric  air  and  iiitrogen, 
m  grammes. 

*  One  litre  (1 ,000  cubic  oentimetree)  of 
eas  at  0°C.  and  700  millimetrea 
barometric  preeeore. 

Atmospheric  air  -        -    1*29363  grammes. 

Nitrogen     ....     1-26192       „ 

EXBBCISES. 

21.  If  a  volume  of  dry  air  at  60**  F.,  and  under  a  ^res- 
Etire  of  30  inches,  measures  80  cubic  inches,  what  will  it 
measure  if  saturated  with  water  P 

22.  It  has  been  foimd  by  analysis  that  100  measures 
of  air  contain  79'19  measures  of  nitrogen  and  20*81  mea- 
purcs  of  oxygen ;  find  the  quantity  by  weight  of  these 
substances  m  100  parts  by  weight  of  aur. 

23.  What  is  the  total  quantity  of  heat  in  steam  at 
100°  C.P 

24.  A  gas  (moist)  measured  15  cubic  inches,  the  tem- 
perature was  80°  F.,  the  pressure  was  29*6  inches,  and 
the  height  of  the  column  of  mercury  in  the  vessel  con- 
taming  the  gas,  above  that  outside,  was  0*26  ;  what  volume 
would  the  ory  gas  measure  at  the  English  standard  foi 
tt^mperature  and  pressure? 

25.  A  gas  (moist)  measured  25  cubic  inches,  the  tern 
pt^rature  was  46°  F.,  the  pressure  was  29*0  inches,  am 
the  height  of  the  column  otmercury  in  the  vessel  contain 
*Tig  the  gas,  above  that  outside,  was  0*6;  what  volumi 
would  the  dry  gas  measure  at  the  English  standard  fo: 
t temperature  and  pressure? 


^ 
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%.  If  air  ifl  passed  oyer  finely  divided  copper  in  a 
state  of  ignition,  the  copper  remoTCs  the  oxygen  from 
the  air  by  combining  witn  it ;  if  800  cubic  inches  of  air 
were  passed  oyer  ignited  copper,  how  much  gas  would 
renuun  unabsorbed  by  the  copper,  and  how  many  cubic 
inches  of  hydrogen  would  be  required  to  convert  the 
copper  into  its  metallic  state  P 

27.  To  a  mixture  of  carbonic  oxide  and  hydrogen, 
amounting  to  35  yolumes,  19  volumes  of  oxygen  were 
added,  and  the  mixture  was  exploded  by  the  electric 
spark :  afl^  the  explosion  the  gas  measured  29  volumes. 
What  were  the  respective  proportions  of  carbonic  oxide 
and  hydrogen  in  the  gaseous  mixture  F 

SB.  A  gas  measured  over  water  15  cubic  inches,  the 
temperature  was  50°  F.,  the  pressure  was  29*5  inches, 
and  the  height  of  the  column  of  water,  above  that  in  the 
trough,  was  6'8  inches ;  what  woidd  be  the  measure  of 
the  Stj  ^s  at  the  standard  (English)  pressure  and  tem- 
peraturer 

29.  A  gas  measured  over  water  12  cubic  inches,  the 
temperature  was  70^  F.,  the  pressure  was  30  inches,  and 
the  neight  of  the  column  of  water,  above  that  in  the 
trough,  was  10*2  inches;  what  volume  would  the  dry 
gas  measure  at  the  English  standard  for  temperature  and 
pressure  P 

30.  To  100  volumes  of  air  contained  in  a  eudiometer 
were  added  50  volumes  of  hydrogen ;  the  gaseous  mixture 
was  then  exploded :  the  gas  after  the  explosion  measured 
87  volumes.  Assuming  that  the  100  volumes  were  com- 
posed entirely  of  oxygen  and  nitrogen,  what  were  the 
reroeetive  proportions  of  eachP 

31.  To  100  volumes  of  an  oxide  of  nitrogen  in  the 
icaseous  state  were  added  150  volumes  of  hydrogen :  after 
the  explosion  the  gas  measured  150  volumes.  In  order  to 
ascertain  the  quantity  of  hydrogen  which  had  combined 
witii  the  oxygen  in  the  nitrogen  compoxmd,  60  volumes 
of  oxygen  were  added  to  the  150  volumes  of  mixed  gases, 
uid  tke  mixture  was  again  exploded :  after  the  explosion 
the  gas  measured  125  volumes.  Find  the  quantity  of  hy- 
drogen consumed  in  the  first  explosion,  and  the  number 
of  measures  of  oxygen  and  nitrogen  in  100  measures  of 
the  oxide  of  nitrogen  gas,  and  give  the  formula  of  the 
oxide  of  nitrogen. 
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32.  A  gas  (moist)  measured  114  millimetres,*  the 
temperature  wbm  16^  C,  the  pressure  was  7  61*4  milli- 
metres, and  the  height  of  the  column  of  mercury,  abo^v 
that  in  the  trough,  wha  72' 1  millimetres.  Correct  the 
volume  for  temperature,  pressure,  and  tension  of  aque- 
ous yapour,  giving  the  corrected  volume  at  (f  C,  and 
1  metre  pressure. 

83.  A  gas  (moist)  measured  107*9  millimetres,  the  tem- 
perature was  14*8^  C,  the  pressure  was  766*8  millimetres, 
and  the  height  of  the  column  of  mercury,  above  that  in 
tilie  trough,  was  69*8  millimetres.  Correct  the  volume  for 
temperature,  pre8sure,'and  tension  of  aqueous  vapour,  giv- 
ing the  corrected  volume  at  (f  C,  and  1  metre  pressure. 

34.  A  gas  (moist)  measured  96*8  millimetres,  the  tem- 
perature was  13°  C,  the  pressure  was  772*1  millimetres, 
and  the  height  of  the  column  of  mercury,  above  that  in 
the  trough,  was  69*6  millimetres.  Correct  the  volume  for 
temperature,  pressure,  and  tension  of  aqueous  vapour, 
giving  the  corrected  volume  at  0°  C,  and  1  metre  pressure. 

85.  7*908  grains  of  a  substance  gave  by  Dumas'  quan- 
titative method  foe  the  estimation  of  nitrogen  117  cubic 
centimetres  of  nitrogen  gas,  the  texnperature  was  ll'FG., 
the  pressure  was  773  mi&imetres.  Cforrect  the  volume  for 
temperature,  pressure,  and  tension  of  aqueous  yapour, 
giving  the  corrected  volume  at  (f  C,  and  760  millimetrea 
pressure ;  then  find  what  quantity  of  nitrogen  100  parts 
oy  weight  of  the  substance  contained. 

86.  5*427  grains  of  a  substance  gave  by  Dumas' 
method  86  cubic  centimetres  of  nitrogen  gas,  the  tem- 
perature was  9*4°  C,  and  the  pressure  was  744  millimetres. 
Correct  the  volume  for  temperature,  pressure,  and  tension 
of  aqueous  vapour,  giving  the  corrected  volume  at  0°  C, 
and  760  millimetres  pressure ;  then  find  what  quantity  of 
nitrogen  100  parts  by  weight  of  the  substance  contained. 

87.  4*494  grains  of  a  substance  gave  by  Dumas'  method 
112  cubic  centimetres  of  nitrogen,  the  temperature  was 
8*6°  C,  the  pressure  was  758  millimetres.  Correct  the 
volume  for  temperature,  pressure,  and  tension  of  aqueous 
vapour,  giving  the  corrected  volume  at  O^C,  and  760  mil- 
limetres pressure ;  then  find  what  quantity  of  nitrogen  100 
parts  by  weight  of  the  substance  contained. 

A  table  of  French  weights  and  meMores  will  be  foand  ftt  the  end  of  tbtt 
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38.  A  substance  gare  hy  Liebig's  *  method  for  the 
estiiDation  of  nitrogen  20'51  Tolumes  of  the  mixed  ffases 
(eaii>oiue  acid  and  nitrogen) ;  after  the  absorption  of  the 
earlxmio  acid,  the  gas  measured  7*74  yolumes :  of  how 
many  Tolomes  of  carbonic  acid,  and  how  manj  yolumes 
of  mtrogen,  were  the  20*61  volumes  of  the  mixed  ^ases 
oomposM,  and  what  was  the  proportion  of  carbonic  acid  to 
nitrogen,  taking  nitrogen  as  unil^  P  The  substance  gave 
hy  combustion  with  chromate  of  lead  13*288  by  weight  of 
caibon  in  100  parts ;  what  amount  of  nitrogen  did  100 
parts  of  the  substance  contain  P 

39.  A  substance  gave  by  Liebig's  method  21*84 
rolumes  of  the  mixed  gases ;  after  the  absorption  of  the 
earbonic  acid  the  gas  measured  8*4  volomes:  of  how 
many  TolnmeB  of  C  Oj,  and  of  how  many  of  N,  were  the 
21*84  volumes  composed,  and  what  was  the  proportion  of 
nitrogen  to  carbomo  acid,  taking  nitrogen  as  unity  P  The 
substance  gave  by  combustion  with  chromate  of  lead 
21*251  by  we^ht  of  carbon  in  100  parts  r  what  per-centage 
of  nitzosen  did  the  substance  contain  P 

40.  Tne  following  observations  were  made  in  analysing 
the  gaseous  mixture  of  carbonic  acid  and  nitrogen,  which 
an  unknown  quantity  of  a  substance  gave  by  Bunsen's 
meUiod  for  the  estimation  of  nitrogen : — 

Obflerred  Baromeier  Temp«-  Colnina 
Tolnme.       m.  m.      rfttore.  meroory. 
TofaaeofmuEedsaaM  (moist)  -    110-8  767*7       16-2«       217-0 

»      after  absorption  of  GO.  (dij)     40*8  761-9       16-2«       218*0 

Correct  the  rolume  of  mixed  gases  for  temperature, 
pressure,  and  tension  of  aqueous  vapour,  and  the  gas 
after  absorption  for  temperature  and  pressure,  giving  the 
eoneeted  volumes  at  0°  C.,  and  1  metre  pressure;  find  the 
proportion  of  nitrogen  to  carbonic  acid,  taking  nitrogen 
as  unity ;  then  find  the  quantity  by  weight  of  nitrogen  in 
100  parts  of  the  substance,  the  per-centoge  by  weight  of 
carbon  being  13*288. 

41.  The  following  observations  were  made  in  analysinff 
the  gaseous  mixture  of  carbonic  acid  and  nitrogen,  which 
an  unknown  quantity  of  a  substance  gave  by  Bunsen's 
method  for  the  estimation  of  nitrogen : — 


*  A.  dsioriptioB  of  the  methods  br  Bmsen,  Domaa,  and  liebiy,  Ibor  tl 
itimatioii  of  nitrogen,  is  given  in  Fresenius'  ^uantitatiTe  aaaJjns,  and  i 
ravSle  Williams'  work  on  ohemioal  manipulation. 
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Obatrved  Barometer  Tempe-  Colamii 
Tolume*      m.  m.      rature.  mercojry. 
Tolnme  of  mixed  gases  (moist)        -      89*6  761*8         7*0*  J.      152-7 

„     after  absorption  of  CO,,  (diy)  37-4  7624         9iP         205-2 

Correct  the  yolumes  as  in  the  preceding  question,  and 
find  the  proportion  of  nitrogen  to  carbonic  acid,  taking 
nitrogen  as  unity ;  then  find  the  quantity  by  weight  of 
nitrogen  in  100  parts  of  the  substance,  the  per-centage  by 
weight  of  carbon  being  24'8. 
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Combinations  hy  volume,  84.  Exercises.  Monatomic 
and  diatomic  gases,  90.  JSxercises.  Table  of  the  specific 
gravities  and  atomic  numbers  qf  the  gaseous  and  vapour- 
izable  elements,  94.  Table  of  the  specific  gravities  and 
atomic  numbers  qfthe  vapours  qf  some  of  the  non-vapour- 
izable  elements,  calculated  firom  some  of  their  gaseous  com- 
pounds, 100.  The  different  standards  adopted  for  the 
atomic  volumes  of  substances,  101.  Exercises.  The  mode 
of  calculating  the  atomic  measure  and  specific  gravity  qf 
substances.  111.  The  views  qf  Berzelius  and  Oerhardt 
on  volume  combinations,  113.  Density  qf  vapours,  123. 
Gay  Lussacs  method,  125.  Dumas*  method,  128.  The 
application  qf  the  specific  gravity  qf  vapours,  131.  Ex- 
ercises. Buoyancy  qf  the  air,  13/.  Weight  of  a  body  in 
air,  138.  Density  qf  gases,  SegnauWs  method,  144. 
Bunsen's  method,  160.  Exercises.  Qas  analysis,  156. 
Exercises. 

84.  Combinations  by  Volumb. — ^We  hare  seen  that 
all  gases  (and  also  vapours  at  some  distance  above  their 
points  of  condensation)  expand  and  contract  alike,  the 
pressure  being  the  same.  Tor  equal  additions  or  sub- 
tractions of  heat  (7),  and  that  they  also  experience  the 
same  changes  in  bulk  for  equal  pressures  (20).  This 
uniformity  of  gases  in  their  relations  to  heat  and  pree* 
sure,  has  led  some  chemical  philosophers  to  believe  that 
in  the  same  volume  or  bulk  all  gases  contain  the  same 
number  of  ponderable  atoms  set  at  equal  distances,  and 
whose  natural  repulsion  is  expressed  by  the  same  law. 
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85.  Ab  it  is  mncli  easier  to  measure  than  to  weigh 
gaseous  bodies,  it  is  usual  to  express  their  combinations 
bj  Tolnme  rather  than  by  weight.  It  is  necessary,  there- 
fore, to  know  the  speciGe  gravity  of  wes  in  order  to 
understand  their  volume  combinations.  We  shall  describe 
the  simplest  method  for  taking  the  specific  gravity  of 
gases,  as  it  is  su^cient  for  our  present  purpose ;  we  shall 
afterwards  describe  other  methods  which  we  more  diffi- 
cult of  execution,  but  at  the  same  time  mo^©  exact. 

86.  Fig.  9  represents  the  apparatus  for 
taking  the  specific  gravity  of  gases.  It  con- 
sists of  a  c]^linder,  A,  in  which  the  gas  is 
collected,  either  over  mercury  or  water;  a 
brass  ci^  with  stop-cock  is  cemented  air- 
tight to  the  cylinder ;  a  light  glass  globe, 
B,  is  fitted  air-tight,  with  a  smiul  brass  cap 
and  stop-oock,  which  screws  into  the  one 
connected  with  the  cylinder.  The  opera- 
tion of  taking  the  so.  gr.  of  a  gas  witn  the 
apparatus  is  as  followa : — The  weight  of 
the  globe,  when  exhausted  as  perfectly  as 
possible  of  air  by  means  of  the  air-pump, 
IS  determined;  the  weight  of  the  globe 
filled  with  dry  air  is  then  determine^  the 
barometric  pressure  and  temperature,  at 
^e  time  the  globe  is  weighed,  being 
observed:  when  the  sp.  gr.  of  a  gas  has 
to  be  determined,  the  globe  is  screwed  to 
an  air-pump,  and  exhausted  of  air  as  com- 
pletely as  possible ;  the  exhausted  globe  is 
%hea  connected  to  the  cylinder  by  means  of  the  stop- 
cocks, which  are  then  opened,  and  the  gas,  whose  sp.  gr. 
we  wish  to  determine,  passes  from  the  cylinder  into  the 
empty  globe ;  when  the  latter  is  filled  with  the  gas  its 
8t<m-oock  is  closed,  and  it  is  then  weighed,  the  pressure 
and  temperature  being  observed.  The  volume  the  gas 
would  occupy  at  the  standard  temperature  and  pressure 
is  then  calculated,  and  if  the  gas  be  moist,  correction 
must  also  be  made  for  the  tension  of  aqueous  vapour ; 
the  way  for  making  these  calculations  having  already  been 
fuUy  explained,  we  shall  not  now  dwell  upon  them. 

87.  It  the  globe  held  46*58  cubic  inches  of  gas  at  the 
temperature  of  60°  F.,  and  imder  a  pressure  of  30  inches 
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of  merciirj ;  the  weight  of  the  46'68  cubic  inches,  at  this 
Icnipcyr attire  and  pressure,  of  the  diJSerent  gaseons  ele- 
inentB,  would  be  as  follows  :— 

1     Grain  of  Hydrogen. 
14     Grains  of  Nitrogen. 
35*5       „     „  Chlorine. 
16  „     „  Oxygen. 

Ifitrogeu  is  therefore  14  times  heavier,  and  chlorine 
S5  5  timeB  heavier,  than  hydrogen ;  if,  therefore,  we  take 
liydrogeii  as  the  standard  for  the  specific  gravity  of  gases, 
and  represent  it  by  1,  the  sp.  gr.  of  nitrogen  becomes 
11^  and  the  sp.  gr.  of  chlorme  35*5;  consequently,  the 
fpeciflc  icciffhts  and  atomic  weights  of  hydrogen,  nitrogen, 
and  chlorine  are  represented  by  the  same  numbers :  this 
provea  that  the  atomic  volumes  of  these  elements  are  the 
@ame ;  that  is  to  say,  that  their  atoms  occupy  the  same 
Bpace»^for  instance,  that  an  atom  of  chlorine,  or  an  atom 
of  nitrogen,  occupies  the  same  space  as  an  atom  of  hydro- 
gen, because  the  weight  <if  equal  volumes  of  these  three 
gmws  ai*c  m  their  atomic  weights.  But  an  atom  of  oxygen 
can  only  occupy  half  the  volume  which  an  atom  of 
hydrogen  occupies,  as  oxygen  is  16  times  heavier  than 
hydrogei) ;  and  the  oxygen  atom  is  generally  considered 
to  be  only  8  times  heavier  than  the  hy(&ogen  atom, 
therefore*  in  equal  volumes  hydrogen  and  oxygen  are  in 
the  proportion  hy  weight  of  two  equivalents  of  oxygen  to 
ons  of  hydrogen.  Before  entering  upon  any  theoretical 
diicu^sioDs,  we  wiU  give  the  student  a  few  exercises  in 
order  to  render  these  facts  familiar  to  his  mind ;  in  per- 
fonnlDg  the  exercises,  the  student  must  take  the  com- 
hlning  measure  of  oxygen  as  one  volume, 

£XEBOIS£S. 

-t^.  Nitrogen  and  oxygen  unite  in  the  proportion  hy 
ineight  of  14  of  the  former  to  8  of  the  latter  element,  to 
form  the  gaseous  compound  NO ;  in  what  proportions  by 
volume  muRi  they  combine? 

43.  Nitrogen  and  oxygen  unite  in  the  proportion  by 
weight  of  14  of  the  former  to  16  of  the  latter  element, 
to  form  the  gaseous  compound  NOs ;  in  what  proportions 
by  volume  must  they  combine  P 
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44.  Nitrogen  and  oxygen  unite  in  the  proportion  by 
weulkt  of  14  of  the  former  to  24  of  the  latter  element, 
to  am  the  yerj  volatile  liquid  NOt ;  in  what  proportions 
hj  rotame  must  they  oomDine  P 

4$.  In  what  proportions  byToliime  must  nitrogen  and 
hydrogen  combme  to  form  oH^? 

46.  In  what  ^portions  by  volume  must  hydrogen 
andosygen  combine  to  form  water  P 

47.  In  what  proportions  by  volume  must  hydrogen  and 
dilorine  combine  to  form  hydrochlorio  aoidP 

48.  In  what  proportions  by  volume  must  hydrogen 
and  oxygen  combine  to  form  bmoxide  of  hydrogen  P 

4d.  In  what  proportions  by  volume  must  chlorine  and 
oxygen  combine  to  form  hypochlorous  add  (CI  O)  P 

88.  The  weight  of  46'68  cubic  inches,  at  the  standard 
temperature  and  pressure,  of  the  following  elements  in 
the  state  of  vapour  would  be,^- 

80  Grains  of  Bromine. 


127 

•  „     „  Iodine. 

100 

„     „   Mercury. 

32 

„     „   Sulphur  • 

62 

„     „  Phosphorus. 

150 

„     „  Arsenic. 

89.  The  speeifio  toeigki  and  atomic  weight  of  bromine, 
<^iodine»  ofmercury,  coincide ;  these  elements  have  tibere- 
£>re  the  same  atomic  volume,  and  the  atoms  of  these 
elements  occupy  the  same  space  as  the  atoms  of  hydro- 
gen, chlorine,  and  nitrogen,  because  the  weights  of  equal 
vohunes  of  these  six  elements  are  as  their  atomic  weights. 
Sbt  as  the  specific  weights  of  sulphur,  of  phosphoros, 
and  of  arsenic,  are,  like  oxygen,  twice  that  of  their  atomic 
weights,  the  atoms  of  these  elements  can  only  be  one-half 
the  siae  of  the  atoms  of  hydrogen,  chlorine,  &c.  We  are 
not  speaking  of  the  absolute  size  of  atoms — ^for  this  has 
not  been,  nor  can  be,  ascertained — ^but  of  the  relative 
sise  ci  the  atoms  of  these  bodies ;  for  instance,  whatever 
minr  be  the  sise  of  the  hydrogen  atoms,  the  or^gen  atoms 
and  the  sulphur  atoms  can  only  be  one-half  tneir  size. 
For  if  the  atoms  of  these  elements  were  of  the  same  sise, 
these  elements  would  contain  in  eqtial  volumes  the  same 

•  UBtflTwrreeeot 
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number  of  atoms,  and  the  relative  weights  of  equal 
volumes  of  these  gaseous  bodies  must  necessarily  coin- 
cide or  be  identical  with  their  atomic  weights  ;  as  this  is 
not  the  case,  it  proves  that  the  atoms  of  tnese  bodies  are 
not  all  of  the  same  size.  The  less  the  size  of  the  atoms 
of  any  substance,  the  greater  the  number  of  the  atoms 
that  will  occupy  a  given  space ;  and  the  sreater  the  weight 
of  these  atoms,  the  greater  must  be  the  specific  gravity 
of  the  substance.  For  example,  two  atoms  of  arsenic  or 
two  atoms  of  oxygen  will  occupy  the  same  space  as  one 
atom  of  hydrogen,  tiierefore  their  specific  weights  must 
be  as  follows : — 

Arsenic-        -        -        .    160 

Oxygen         -        -        -      16 

Hycbogen      ...        -        1 

Because  two  atoms  of  arsenic  occupy  the  same  space  as 

one  atom  of  hydrogen,  and  the  arsenic  atom  is  75  times 

heavier  than  the  hydrogen  atom,  therefore  75x2=  150 ; 

and  two  atoms  of  oxygen  occupy^e  same  space  as  one 

atom  of  hydrogen,  and  the  oxvgen  atom  is  8  times  heavier 

than  the  hydrogen  atom,  therefore  8x2=16.    Hence 

the  specific  gravity  is  obtained  by  multiplying  the  atomic 

number  by  the  atomic  weight ;  and  the  specific  gravity 

divided  by  the  atomic  weight  gives  the  atomic  number, 

that  is  to  say,  the  number  of  atoms  in  a  oiven  volume, 

90.  The  gaseous  and  vapourizable  elements  may  be 
divided  into  the  two  foUowmg  classes : — 

Ist.  Monatomie  gases.  Hydrogen,  chlorine,  nitrogen, 
iodine,  bromine,  and  mercury. 

2nd.  Diatomic  gases.  Oxygen,  sulphur,*  arsenic,  phos- 
phorus. 

91.  G^iis  division  the  student  will  readily  understand ; 
by  the  terms  monatomie  and  diatomic  are  meant,  that 
one  atom  of  a  monatomie  gas,  and  two  atoms  of  a  diatomic 
gas,  occupy  a  given  volume.  Therefore,  in  order  to  brinff 
together  two  gaseous  or  vapourizable  bodies  in  equu 
number  of  atoms,  equal  volumes  of  the  bodies  must  be 
taken,  if  they  belong  to  the  same  class ;  but  if  one  of  them 
belongs  to  the  diatomic  class,  and  the  other  to  the  mon- 
atomie class,  then,  in  order  to  bring  them  together  in  equal 

*  Before  the  reoent  determixiation  of  the  denaiQr,  the  Tftpoar  of  sulphur 
WM  regarded  as  a  hezatomio  gas. 
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nwmher  qf  atoms,  they  mtut  he  brought  together  in  the 
pfToportion,  by  yolume,  of  1  of  the  diatomio  to  2  of  the 
monatamic  bdoy. 

92.  In  ihe  following  exercises,  which  the  student  mnst 
now  write  out,  the  combining  metuure  of  hydrogen  must 
be  taken  aa  one  volume. 

XXBBCI8X8. 

50.  In  what  proportions  by  Tolmne  mnst  hydrogen 
and  aulplmr  combine,  to  form  sulphide  of  hydrogen? 

51.  In  what  proportions  by  volume  must  nydrogen 
and  bromine  combine,  to  form  bromide  of  hydrogen? 

52.  In  what  proportions  by  volume  must  sulphur  and 
oxygen  combine,  to  form  sulnnurous  acidP 

53.  In  what  proportions  oy  volume  must  phosphorus 
and  hydrogen  combme,  to  form  P  H,P 

54.  In  what  proportions  by  volume  must  sulphur  and 
oxygen  combine,  to  form  S  0,P 

55.  In  what  proportions  by  volume  must  chlorine  and 
phoaphorua  combine,  to  form  terehloride  of  phosphorus  P 

93.  The  student  will  not  have  failed  to  notice,  in  ob- 
taining answers  to  the  last  two  series  of  exercises,  that 
gaseous  substances  unite  by  volume*  in  the  simple  ratio 
of  1  to  1, 1  to  2,  1  to  3.  It  thus  appears  that  the  laws  of 
combination  may  be  deduced  as  well  from  their  volume 
eombination8,t  S8  from  their  combinations  by  weight. 

94.  In  the  following  table  is  a  list  of  the  simple  bodies 
which  are  naturally  gaseous,  and  those  which  can  be  con- 
verted into  gases  by  heat. 

In  column  A,  the  names  of  the  elements  are  given. 

In  column  B,  their  atomic  weights. 

In  column  C,  their  specific  gravities,  hydrogen  being 
isken  as  unity. 

In  column  D,  their  atomic  numbers,  obtained  by  dividing 
their  specific  gravities  by  their  atomic  weights. 

In  column  E,  their  specific  gravities,  air  being  taken  as 
unity. 

*  On  tirtaj  ooeamaa  when  TohimeB  are  tpoken  of  in  ehemistiT  withont 
WSJ  ftirtlier  ezplinaUon,  the  Btndeni  must  understand  Tolumes  of  the  sab- 
■tMBoes  in  the  state  of  gM. 

t  Q^  Lnasao  was  the  disoorerer  of  the  laws  of  Torame  combination, 
which  he  mads  known  ahorUy  after  the  aanoonoement  of  the  atomic  theory 
VyDaltoo. 
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In  oolomn  F,  their  atomic  nomben,  obtained  by  dividing 
their  atomic  weights  by  their  specific  gravities,  air  being 
taken  as  1. 

In  column  G,  the  atomic  numbers  in  F,  reduced  to  their 
simplest  expression. 


A 

fi 

c 

D 

B 

F 

o 

Atomio 
weighta. 

g«l=:l. 

Atomic 

niunben. 

2&fi. 

Atomic 
numbers. 

Atomic 
nomben 
redseed. 

Hydrogen 

1 

1 

1 

0-0693 

14-43 

1 

Nitrogen... 

14 

14 

1 

0-9706 

14-43 

1 

Chlorme... 

35-6 

36-5 

1 

2-4543 

14-43 

1 

Oxygen  ... 

8 

16 

2 

1-1093 

7-23 

i 

Vapour 

Oflodine.. 

127 

127 

1 

8-716 

14-43 

1 

„  Bromine 

80 

80 

1 

5-540 

14-43 

1 

„  !M.ercury 

100 

100 

1 

7-000 

14-43 

1 

„  Phospho- 

rus  

31 

64 

2 

4-420 

7-23 

■  • 

„  Arsenic. 

75 

150 

2 

10-600 

14-43 

.  . 

„  Sulphur* 

16 

31-705 

2 

2-23 

7-17 

95.  The  reason  we  have  given  in  the  table  two  stand- 
ards, hydrogen  and  air,  for  the  specific  gravity  of  gasea, 
is  this ;— it  is  the  custom  to  compare  the  density  of  gases 
with  that  of  air,  but  as  air  is  not  either  a  simple  body,  or 
a  chemical  compound,  it  does  not  show  the  relations  sub- 
sisting between  the  specific  gravities  and  atomic  weights 
of  gases,  but  if  hydrogen  is  taken  as  a  standard,  these 
relations  are  at  once  ]perceived. 

96.  We  have  seen,  m  studying  combinations  by  weight, 
that  the  atomic  weight  of  a  compound  is  equal  to  the 
sum  of  the  atomic  weights  of  the  elements  composing 
it.t  JBut  the  measure  or  volume  qfa  compound  gas  is  not 
always  equal  to  the  sum  of  the  measures  or  volumes  of  the 
elemefUary  gases  lohich  compose  it,  contraction  or  conden- 
sation frequently  takes  place.  When  equal  volumes  of 
elementary  gases  combine,  the  volume  of  the  compound 
gas  is  either  the  sum  of  the  volumes  of  its  constituents,  or 

*  The  recent  determinatioii  of  the  density  of  the  Tftponr  of  snlphor  irae 
made  at  a  much  higher  temperature  (the  boiling  pomts  of  cadminm  mud 
sine)  than  the  former  ones;  toe  density  according  to  the  former  determina- 
tions was  6-9.    Air  =  1. 

t  See  the  author's  "  First  Step  in  Chemistry,"  page  72, 3rd  edition. 
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is  Uf  that  sum.  When  two  rolomes  of  one  dJementarj 
gu  ocmibtoe  with  one  volume  of  another  elementary  m,  the 
raaldng  gaaeons  compomul  nsiiallj  oeeapies  two  Toltimes. 
Ovng  to  this  nncertamtr  m  the  condensation  of  the  oom- 
huoDg  wes,  we  cannot  nnd  by  calculation  the  density  of 
one  (M  tiie  elements  of  a  eompound,  from  the  density  of 
tiie  other  element  and  the  density  oi  the  compound ;  we 
nqpire  also  to  know  the  contraction  of  the  two  elements 
at  tiie  time  of  their  combination.  For  example,  to  calcu- 
bte  the  density  of  oxrgen  from  water,  we  mu8t  not  only 
know  the  density  of  nydrogen  and  the  density  of  water, 
bat  we  must  also  know  the  contraction  of  the  hydrogen 
and  oxygen  at  the  time  of  their  combination,  thus  : — 

2  Tolumee  of  vapour  of  water     0*622  x  2  =  1*244 
Lett  2  Tolumet  of  hydrogen  .    .    .  0-069  x  2=0*138 

1-106 


97.  Several  of  the  elements,  which  cannot  be  vapourized 
in  their  uncombined  state,  form  by  their  union  with  other 
elements  compounds  whidi  are  either  gaseous,  or  which 
are  capable  of  being  converted  into  vapoar.  The  density 
of  the  TEuour  of  these  non-vapourizable  elements,  muat 
ihetetoreDeAvpothetieal,  because  we  have  seen  that  in  order 
to  calculate  the  density  of  the  vapour  of  a  simple  body, 
we  must  know  not  only  the  density  of  the  compound  formed, 
but  also  the  amount  of  contraction  (if  any)  which  takes 
I|lace  between  the  elements  at  the  time  of  their  combina- 
tion, which  is  impossible  in  the  case  of  a  non-vapourizable 
element ;  the  density,  therefore,  of  the  vapour  of  a  non- 
vapourizable  element  can  only  be  inferred  from  the  density 
of  its  compounds. 

SxMDpie. — ^If  a  piece  of  charcoal  is  burned  in  oxygen 
gas,  80  as  to  convert  the  whole  of  the  oxygen  into  carbonic 
aeid,  when  the  combustion  is  finished,  and  the  gas  has 
returned  to  its  original  temperature,  it  will  be  found  that 
the  volume  of  the  gas  has  not  sensibly  changed ;  we  hence 
conclude  that  carbonic  acid  contains  a  volume  of  oxygen 
equal  to  itself.  One  volume  of  carbonic  oxide  requires 
for  its  conversion  into  carbonic  acid  half  a  volume  of 
oxygen,  and  the  carbonic  acid  produced  from  this  quantity 
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of  carbonic  oxide  and  oxygen,  is  one  yolome,  consequently 
carbonic  oxide  contains  only  half  a  Yolume  of  oxygen. 
Now  if  we  suppose  carbonic  acid  to  be  composed  of  equal 
volumes  of  carbon-yapour  and  oxygen  condensed  to  one- 
half,  carbonic  oxide  will  consist  of  two  volumes  of  carbon- 
vapour  and  one  volume  of  oxygen,  the  three  volumes  con- 
densed into  two.  On  this  supposition,  the  density  of  the 
vapour  of  carbon  will  be  0*4183,  as  shown  by  the  follow- 
ing calculation : — 

Weight  of  1  volume  of  carbonic  acid  .    .  1'5240 
Weight  of  1  volume  of  oxygen  ....  1-1067 

0-4183 


98.  But  if  we  suppose  carbonic  acid  to  be  composed  of 
two  volumes  of  oxygen  and  one  volume  of  the  vapour  of 
carbon,  the  three  volumes  condensed  into  two,  carbonic 
oxide  will,  on  this  supposition,  consist  of  equal  volumes  of 
its  two  elements  united  without  condensation.  On  this 
hypothesis,  the  density  of  the  vapour  of  carbon  will  be 
0*8366,  as  shown  by  the  following  calculation  : — 

Weight  of  2  volumes  of  carbonic  acid  1-5240 X2=30480 
Weight  of  2  volumes  of  oxygen      .     .  11057  x  2=2*2114 

0-8366 


99.  It  does  not  necessarily  follow  that  the  true  specific 
gravity  of  carbon-vapour  is  either  of  these  numbers ;  all 
that  can  be  safely  said  is,  that  should  the  true  specific 
gravity  of  carbon-vapour  ever  be  determined,  it  will  be 
found  to  coincide  with  the  number  0*4183,  or  it  will  be 
double  that  number,  viz.,  0.8366,  or  it  will  bear  some  other 
simple  and  obvious  relation  to  it. 

100.  The  hypothetical  density  of  the  vapour  of  the  fol- 
lowing non-vapourizable  elements  is  calculated  from  the 
density  of  the  gaseous  or  vapourizable  compounds  of 
which  they  are  components. 

In  column  A,  the  names  of  the  elements  are  given. 
In  column  B,  their  atomic  weights. 
In  column  C,  their  specific  gravities,  hydrogen  being 
taken  as  unity. 
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In  eolnmn  D,  their  atomic  numbers,  obtained  by  dividing 
their  specific  grayities  by  their  atomic  weights. 

In  eolomn  K,  their  specific  gravities,  air  being  taken  as 
vniij. 

In  eofaunn  F,  their  atomic  numbers,  obtained  by  dividing 
their  atomic  weights  by  their  specific  gravities,  air  being 
taken  as  1. 

In  column  6,  the  atomic  numbers  in  F,  reduced  to 
their  simplest  expression. 


A. 

B 

c 

D 

B 

P 

a 

Tspoor. 

Atomic 
wdghU. 

Sp.gr. 
Hydro- 
gen=l. 

Atomic 
nomben- 

JSJT: 

Atomic 
nomben. 

Atomic 
numbers 
reduced. 

Of  Carbon.. 

6 

60 

1 

0-4183 

14-43 

1 

„  Boron  ... 

10-9 

230 

2 

1-50639 

7-23 

1 

„  Selenium 

39-5 

78-3 

2 

5-43076 

7-27 1      i 

„  Tellarium 

64-2 

128-6 

2 

8-91674 

7-201      i 

„  Fluorine. 

190 

190 

1 

1-32673 

14-32 1     1 

„  Silicon... 

213 

42-5 

2 

2-94369 

7-23 

\ 

„  Antimony 

120-3 

236-3 

2 

16-3800 

7-34 

i 

101.  The  atomic  or  equivalent  volume  of  a  substance  is 
tie  quotient  obtained  by  dividing  the  atomic  weight  of  the 
smisiance  by  its  specific  ^avity.  As  the  atomic  volume 
is  not  an  absolute  quantity,  but  only  expresses  the  rela- 
tion by  volume  in  which  substances  combine,  it  follows 
tiiat  different  but  relative  expressions  will  be  obtained 
according  as  the  equivalents  are  based  on  the  oxygen 
or  hjdrogen  scale ;  difierent  expressions  will  also  be 
obtained  according  to  the  standard  we  employ  for  the 
specific  gravities ;  only  the  atomic  volumes  of  those  sub- 
stances are  comparable  whose  specific  gravities  are  re- 
ferred to  the  same  standard.  If  we  take  the  volume 
which  one  grain  (one  atom)  of  hydrogen  occupies  at  the 
standard  temperature  and  pressiLre,  as  the  standard,  in 
that  case  the  combining  measure  of  hydrogen  and  the 
other  bodies  we  have  termed  monatomic  becomes  one 
Tolimie,  whilst  the  combining  measure  of  oxygen  and  the 
other  bodies  we  have  termed  diatomic  becomes  half  a 
Tolume.  If,  on  the  other  hand,  we  take  the  volume 
whidi  8  grs.  (one  atom)  of  oxygen  occi^^ies  as  the  standard, 
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in  that  case  the  combining  measnre  of  the  bodies  we 
have  termed  diatomic  becomes  one  Tolnme,  and  the  com- 
bining measure  of  the  bodies  we  hare  termed  monatomic 
becomes  two  yolumes,  because  the  atoms  of  the  latter 
class  occapy  double  the  space  the  atoms  of  the  diatomic 
bodies  occupy.  As  the  specific  grayity  of  oxygen  is  16 
times  greater  than  that  of  hydrogen,  if  we  take  8  a«  the 
specific  ^vity  of  oxygen  and  make  that  the  standard, 
tne  specific  gravit;^  of  hydrogen  becomes  0*6,  and  ac- 
cordingly the  combmin^  measure  of  oxygen  becomes  one 
volume,  and  the  combining  measure  of  hydrogen  (and 
the  other  gases  we  have  termed  monatomic)  becomes 
two  volumes,  because-— 

8  1 

-^  =  1  volume,  and  -g:?-  =  2  volumes. 

102.  But  if  we  take  the  specific  gravity  of  hydro- 
gen as  1,  and  make  that  the  standard,  then  the  specific 
gravity  of  oxygen  becomes  16,  and  accordingly  the 
combining  measure  of  hydrogen  becomes  one  volume  and 
the  combining  measure  of  oxygen  becomes  half  a  volume, 
because — 

8  1 

__-  =  0*6  volume,  and   — -  =:  1  volume, 
lo  1 

103.  If  we  take  air  as  the  standard  for  the  specific 
gravities,  which  is  the  one  most  ^quentljr  adopted,  the 
specific  ^avity  of  oxygen  by  this  standard  is  1*1093,  and 
tne  specific  gravity  of  hydrogen  is  0*0693 ;  now  if  we 
divide  the  atomic  weights  of  these  elements  by  these 
numbers  we  obtain  as  quotients  7*22  and  14*44 ;  thus, — 

^  7*22      -^vLo  =  14-44. 


11093  ""  '  **       -0693 

According  to  the  standard  we  adopt,  vis.,  whether  the 
combining  measure  of  hydrogen  is  one  volume  or  two 
volumes,  so  the  14*22  represents  one  or  two  volumes,  and 
in  the  same  way  the  7*22  for  oxygen  represents  half  a 
volume  or  one  volume. 

104.  As  it  is  necessary  for  the  perfect  knowledge  of 
volume  oombinationB  that  the  student  shcndd  fully  under- 
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rtaad  this  part  <^  ihe  subject,  we  will  illiutrate  it  etill 
fiuthor  by  taking  a  compoimd  body  as  an  example ;  the 
oompouia  body  shall  be  the  well-known  one,  hydroohlorio 
aeid.  If  we  take  the  oombinine  measure  of  hydrogen  as 
one  Tc^nme.  that  is  to  say,  that  wkatever  that  measure  may 
he,  it  is  the  space  which  1  grain  of  hydroeen  occupies  at  a 
giren  tempHBrature  and  pressure,  then  the  hydroeen  and 
chlorine  will  oombine  to  form  hydrochloric  acid  in  the 
following  proportions  by  yolume : — 

1  Tolume  of  hydrogen        -  -  -      1*0 

1         „        chlorine  ...    35*6 

Weight  of  2  Tohimes  of  hydrochloric  acid    86*5 

The  specific  gravity  of  hydrochloric  acid  is  18*25  (hy- 
drogen =  1),  wluch  is  the  weight  of  one  yolume  of  hydio- 
chloricacid,  that  is,  the  measure  which  I  grain  (one  atom) 
of  hydrogen' occupies ;  therefore  an  atom  of  hydrochloric 
acid  occupies  two  volumes.  The  atomic  measure  of  hy dro- 
ddorie  acid  gas  is  therefore  the  sum  of  the  atomic  mea- 
sures of  its  elements ;  there  is  no  condensation.  But  if 
we  make  the  combining  measure  of  oxygen  to  be  one 
volume,  then  the  combming  measure  of  hydrogen  and 
similar  mes  becomes  two  volumes;  in  this  case  the 
weight  ot  one  volume  of  any  of  the  gases  we  have  termed 
monalomic  is  only  half  that  of  its  atomic  weight,  accord- 
ingly hydrogen  and  chlorine  will  combine  to  form  hydro- 
chXcnic  add,  in  the  following  proportions  by  volume  :** 

2yQliimeeofhydro(|^      -  •  -      1*0 

8  „         ohlorme       ...    35*5 

Weight  of  4  volimies  of  hydrochloric  acid    36*5 

The  specific  grayity  of  hydrochloric  acid  is  9*12  (oxy- 
gen =  8>,  which  is  me  weight  of  one  volume  of  hydro- 
ehloric  acid  gas,  that  is,  a  measure  which  1  atom  or  8 
parts  by  wei^t  of  oxygen^  or  half  an  atom  or  0*5  parts 
oy  weight  <h  hydrogen  occupies ;  therefore  an  atom  of 
hydroemoric  acid  gas  by  this  standard  occupies  four 
yohimes,  which  is  the  sum  of  the  atomic  measure  of  its 
constituents. 
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105.  The  specific  grayity  of  hydrochloric  acid  is  1*269 

36-5 
(air=l),  therefore  -1^.2^^  =  28  70.  Now  2870  corre- 
sponds to  two  or  four  yolumes  just  as  we  assume  that  7*22 
represents  half  or  one  volume  of  oxygen.  I  f  we  adopt  the 
first  hypothesis,  the  combining  measure  of  hydrogen 
and  similar  gases  is  one  volume ;  if,  on  the  other  huid, 
we  adopt  the  second  hypothesis,  in  that  case  the  com- 
bining measure  of  hydrogen  and  similar  gases  is  two 
volumes. 

106.  There  is  an  expression  frequently  made  use  of  in 
chemical  writings,  the  explanation  of  which  the  student 
will  now  be  able  to  understand ;  it  is  that  the  compound 
forms  four  volumes  of  vapour,  or  that  the  elements  form  by 
their  combination  four  volumes  of  the  compound  gas,  or,  aa 
it  is  frequently  stated,  they  are  condensed  to  four  volumes. 
The  meaning  of  this  is,  that  a  substance  whose  atomic 
volume  in  the  gaseous  or  vapourous  state  is  equal  to  that 
of  oxygen,  or  is  two  or  four  times  as  great,  is  said  to 
exhibit  a  condensation  to  one,  two,  or  four  volumes: 
almost,  if  not  aM  organic  compounds,  exhibit  a  condensa- 
tion to  four  volumes.  If,  however,  we  take  the  combining 
measure  of  hydrogen  to  be  one  volume,  the  four  volume 
gas  or  vapour,  by  the  oxygen  standard,  is  according  to 
the  hydrogen  standard  a  two  volume  gas  or  vapour.  The 
reason  of  this  difierence  we  have  fully  explained,  but  we 
will  restate  it  very  briefly ;  it  is  due  to  the  difierence 
in  the  standard  adopted ;  by  the  one  standard,  the  com- 
bining measure  which  contains  one  atom  of  oxygen  is  one 
volume,  and  the  combining  measure  of  hydrogen  which 
contains  one  atom  is  two  volumes ;  by  the  other  standard, 
the  combining  measure  which  contains  one  atom  of  hy- 
drogen is  one  volume,  and  the  combining  measure  which 
contains  one  atom  of  oxygen  is  half  a  volume. 

107.  The  atomic  measure  of  the  combining  gasea,  and 
the  number  of  volumes  the  compound  formed  occupies, 
is  usually  expressed  in  chemical  writings  by  means  of 
small  squares :  Mr.  G-riffin  expresses  them  by  means  of 
vulgar  fractions;  he  represents  the  sum  of  the  atomic 
measures  of  the  constituents  by  the  denominator,  and  the 
number  of  resulting  volumes  by  the  numerator:  this  plan 
is  much  to  be  preferred,  in  my  opinion. 

108.  By  the  old  plan,  the  combining  measure  of  hydro- 
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ehlonc  add  and  its  constituents  would  be  represented 
thus:*—  ^ 


Combining  measure  of 

hydroohloric  add,  or  four 

▼olnmea. 


36-5  i 

109.  By  Mr.  Griffin's  plan  thus  :— 

Atomic  measure  of  hydrochloric  acid 


j4^ 

4 


110.  The  following  exercises  must  now  be  performed 
by  the  student  :— 

BZSBCI8S8. 

56.  In  what  proportions  by  volume  do  hydrogen  and 
nitro^pen  combine  to  form  gaseous  ammonia  (NH,),  the 
combining  measure  of  oxygen  being  taken  as  one  volume; 
and  what  is  the  atomic  measure  of  ammonia,  its  sp.  gr. 
being  (ySSOT  (air = 1)  P  State  whether  there  is  any  con- 
densation. 

67-  In  what  proportions  by  volume  do  carbon-vapour 
and  hydrogen  combme  to  form  carburetted  hydrogen  gas 
(C,  !EU),  the  combining  measure  of  hydrogen  being  taken 
as  one  volume ;  and  what  is  the  atomic  measure  of  this 


*  Tlie  dotted  linee  are  for  the  puripoae  of  ehowine  that  the  diTii 
imaemary,  the  partition  of  the  combining  measure,  like  that  of  an 
irbow  it  rvpreaenta,  being  impoaaible. 


diTiaion  is 
aa  atom 
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oompaund,  its  tp.  gr.  being  0*5596  (air = 1)  P  State  wke- 
thar  there  is  any  condensation. 

§8.  In  what  proportions  by  Tolume  do  carbon-vaponr 
and  hydrogen  combine  to  form  defiant  gas  (C4  HJ,  the 
comb  i  Ding  measure  of  hydrogen  being  taken  as  one 
Yolume ;  and  what  is  the  atomic  measure  of  olefiant  gas, 
its  ip,  gr.  beinjg  0'9852  (air  =  1)  P  State  whether  there  is 
any  condensation. 

59.  In  what  proportions  by  volume  do  carbon- vapour 
and  oxygen  comoine  to  form  carbonic  acid  gas,  the  com- 
bming  measure  of  oxygen  being  taken  as  one  volume ; 
and  what  is  the  atomic  measure  of  the  compound,  its 
tip.  gr.  being  1*524  (air  =  1)  P  State  whether  there  is  any 
COD  dentation. 

&).  In  what  proportions  by  volume  do  carbon-vapour, 
oxTj^en,  and  chlorine  combine  to  form  chloro-carbonic 
acid  gBM  (CO  CI),  the  combining  measure  of  oxygen  bein^ 
taken  as  one  volume;  and  what  is  the  atomic  measure  of 
the  compound,  its  sp.  gr.  bein^  3399  (air=l)P  State 
whether  there  is  any  condensation. 

61.  la  what  proportions  by  volume  do  carbon-vapour, 
oxygen,  and  hydrogen  combine  to  form  ether  (C4  H^  O), 
the  combining  measure  of  oxygen  beinz  taken  as  one 
volume ;  and  what  is  the  atomic  measure  of  the  compound, 
its  ep.  gr.  bein^  2*586  (air=l)P  State  whether  tnere  is 
any  condensation. 

62.  In  what  proportions  by  volume  do  carbon-va- 
pour, oxygen,  and  hydrogen  combine  to  form  alcohol 
(C4  Kj^  O,  HO),  the  combining  measure  of  oxygen  being 
takoa  as  one  volume ;  and  what  is  the  atomic  measure  <? 
the  compound,  its  sp.  gr.  bein^  1*613  (air=l)P  State 
whether  there  is  any  condensation. 

63.  In  what  proportions  by  volume  do  carbon-va- 
pour, oxygen,  ana  hydrogen  combine  to  form  acetic  acnd 
(Ct  III  Os  MO),  the  combining  measure  of  oxygen  being 
taken  as  one  volume ;  and  what  is  the  atomic  measure  of 
the  compound,  its  sp.  gr.  being  2*08  (air=l)P  State 
whether  there  is  any  condensation. 

64.  In  what  proportions  by  volume  do  ammonia 
(N  K|}  and  sulphide  of  hydrogen  combine  to  form  sul- 
phide of  ammomum,  the  combining  measure  of  hydrogen 
being  taken  as  one  volume ;  and  what  is  the  atomic  mea- 
sure of  sulphide  of  ammoniumP    The  sp.  gr.  of  ammonia 
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\  05967,  ndphide  of  hydrogen  1*1786,  and  snlphide  of 
'--i  0-785  (air=l). 


111.  The  student  will  not  hare  failed  to  obsexre,  in 
perfonnini^  the  last  aeries  of  exercises,  that  if,  of  the 
atomic  weight,  the  atomic  measure,  and  the  specific  gra- 
Tity  of  a  gaa,  we  know  two  terms,  it  is  easy  to  find  the 

tluzd: — 

Let  a.  m.     =  Atomic  measore. 
a.  10.     =  Atomic  weight, 
jp.  ifr,  =  Specific  gravity. 

We  have  seen  that  the  atomic  measure  is  the  quotient 
obtained  hy  dividing  Hie  atomic  weight  by  the  specific 
grsirity:— 

a,  w. 

The  specific  ^vity  must  therefore  be  the  quotient 
obtained  by  dividing  the  atomic  weight  by  the  atomic 


And  the  atomic  weight  must  be  the  product  obtained 
by  multiplying  the  spiecifio  gravity  by  the  atomic  mea- 
sure:— 

jp.  ^.  X  a.  fli.  =  a.  10. 

112.  The  student  ought  to  prove  the  truth  of  the  last 
two  rules  by  the  last  series  of  exercises. 

113.  We  nrast  now  direct  the  attention  of  the  student 
to  the  views  of  Benelius  and  Gerhardt,  especially  those 
of  the  latter.  These  distinguished  chemical  philosophers 
aasome  ikat  all  elemmUary  gcue*  eaiUain  tn  the  same 
9oimme  or  bulk,  under  like  eandUione  cf  temneratwre  and 
freeeure,  tie  eame  number  of  adorns  (84).  If  this  hypothesis 
DO  adopted,  the  atomic  and  volume  constitution  qf  com- 
pounds  will  correspond  /  but  it  will  necessitate,  of  course, 
a  change  in  the  atomic  weights  of  some  of  the  elementary 
bodies. 

114.  The  atomic  weights  in  the  system  of  Benelius 
are  the  same  as  those  at  present  in  use,  with  the  excep- 
tion of  thoea  of  htdboobk,  hitbogbn,  phosphobus, 
CHLOBin,  bboxinb,  loniHB,  and  fluobinb,  which  are 
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"halved.  The  symbol  for  water  by  this  system  is  H,  O, 
beraiiae  it  is  composed  of  two  Tolames  (two  atoms)  of 
b>  dro£ren,  and  one  volome  (one  atom)  of  oxygen,  conse- 
quent jy  the  atomic  and  volume  constitution  correspond. 

115.  Gerhardt  has  carried  out  the  system  more  fully ;  if 
tlie  atomic  weight  of  oxygen  equal  8  in  Gerhardt's  notation, 
all  the  other  elements,  with  the  exception  of  sulphur, 
sol^nium,  tellurium,  and  carbon,  have  only  half  the  usual 
vqIuc9  ;  but  it  is  more  general,  and  more  convenient,  to 
assume  that  the  atom  of  hydrogen  equals  1,  then  the  atomic 

weights  of  OXYGEN,  SULPHUB,  SELENIUM,  TELLUBIUM,  and 

CABBON  become  doubled,  whilst  the  atomic  weights  of 
the  otber  elements  remain  as  at  present.  Wmchever 
itanjiardf  hydrogen  or  oxygen,  is  adopted  for  the  atomic 
wei^Oits,  if  we  adopt  the  same  standard  for  the  specific 
p^TAviiieH,  the  specific  gravities  of  the  g^aseous  and  Ya- 
pourizable  elements  represent  their  atomic  weights,  with 
tho  t^^ception  of  phosphorus  and  arsenic,  whose  specific 
gravittes  are  double  their  atomic  weights.  The  following 
tabh.^  19  given  to  illustrate  these  statements : — 


Nmme  of  Element. 

New 
Equivalent. 

Hydrogen =1. 

Hydrogen 

1 

16 

32 

36-6 

80 
127 

14 

32 

75 
100 

1 

Oiygen 

16 

Sulphur    

31-705 

Chlorine    

35-5 

Bromine    

80 

Iodine  

127 

Kitrogen  

14 

Phos^orus 

Arsenic 

64 
150 

Mercury   

100 

116.  Compounds  expressed  by  Gerhardt's  system  also 
erlisbit  a  like  constancy  of  relation  between  their  atomie 
weighU  and  specific  gravities ;  the  specific  gravity  of  the 
compounds  in  the  state  of  ^as  or  vapour  is  hal?  that  of  their 
atomic  weights;  the  atomic  measure  of  compounds  by  thia 
system  is  therefore  two  volumes.    "  The  relation  between 
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tlie  atomic  weiglit  and  erpecific  grayity  in  the  state  of 
yapoor  has  been  so  uniformly  observed,  that  chemists 
sre  inclined  to  doubt  the  exactitude  of  the  formula  of 
all  eompounds,  the  atomic  weight  of  which  does  not 
yield  two  yolumes  of  yapour,  and  the  determination  of 
tbe  yj^ur-density  of  a  compound  has  thus  become  one 
of  the  most  important  means  of  controlling  chemical 
formula."  To  illustrate  this  relation  between  the  specific 
crayities  and  atomic  weights  of  compounds,  we  will  select 
uree  compounds  which  are  distinguished  from  each  other 
by  difference  in  the  yolume  and  atomic  proportions  of 
tbeir  elements,  and  by  the  condensation  which  accom- 
panies the  combination ;  yet  these  compounds,  although 
so  different  in  these  respects,  all  correspond  to  two 
yolumes — the  oompoxmds  are  hydrochloric  acid,  water, 
and  ammonia. 

117.  Hydrochloric  acid,  which  is  the  type  of  the  chlo- 
rides, bromides,  iodides,  fluorides,  and  cyanides,  is  com- 
posed of  one  yolume  of  each  of  its  elements ;  the  combinsr 
tion  is  not  attended  with  condensation ;  the  atomic  mea- 
sure of  the  gas  is  therefore  two  volumes.  Consequently 
the  sp.  gr.  must  be  half  that  of  Uie  atomic  weight ;  see 
1st  example,  par.  104,  page  53. 

118.  Water  (HJ  9),  which  is  the  type  of  the  oxides, 
sulphides,  selenides,  and  tellurides,  is  composed  of  two 
yolumes  of  H,  and  one  volume  of  O,  the  toree  volumes 
being. condensed  into  two;  its  atomic  measure  is  conse- 
quently two  yolumes,  and  the  sp.  gr.  of  the  vapour  is 
only  half  that  of  the  atomic  weignt. 

8y»>«i-         t=!!-        wdghi!       voi^"»«- 

H,      =         2  2  2 

9        =       16  16  1 

H,9     =9  18  2 


119.  Ammonia  (NHs),  which  is  the  type  of  the  nitrides, 
phospbides,  arsenides,  and  antimonides,  is  composed  of 
three  yolumes  of  H,  and  one  volume  of  N,  the  four  volumes 
being  condensed  into  two ;  its  atomic  measure  is  conse- 
quently two  yolumes,  and  its  sp.  gr.  is  only  half  that  of 
its  atomic  weight. 


m 
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Symbol. 

H. 

N 


§*.!!• 


3 
=       14 


H,N       =      8-6 


Atomic 
weight. 

3 
14 

"it" 


Yolmna. 
3 
1 


120.  According  to  G^rfaardt's  notation,  then,  the  sp.  gr. 
of  compounds  in  the  gaseouB  or  raponrons  state  is  oSj 
half  that  of  their  atomic  weights ;  in  other  words,  the 
atom  of  the  eomponnd  in  the  gaseons  state  occupies  two 
Tolames ;  hut  the  sp.  gr.  and  atomic  weight  of  the  ele- 
mentary bodies  correspond,  consequently  the  atomic 
weights  of  these  bodies  only  represent  one  volume  of  ra- 
pour;  G^rhardt  proposes  to  alter  this,  and  bring  both 
classes  of  bodies,  compounds  and  elements,  under  the 
Biixae  standard.  It  wilt  be  shown  in  a  following  chapter 
t^iat  it  is  highly  probable— indeed,  Mr.  Brodie  has  almost 
]>roved  it  experimentally — that  the  atoms  of  the  elemen- 
tary bodies  m  their  free  state  are  double  what  they  are 
when  combined  with  other  bodies ;  for  example,  the  symbol 
for  hydrogen  in  the  free  state  is  not  H,  but  H  H,  and  so 
ivith  all  the  other  elements.  The  atoms  of  the  elements 
in  the  free  state  are  therefore  not  considered  to  exist 
detached,  but  to  be  united  in  pairs ;  consequently,  on  this 
hypothesis,  an  elementary  body,  when  it  is  liberated  from 
irt  combination  with  other  bodies,  must  combine  with 
itself,  and  the  atoms  of  the  bodj  must  separate  in  x>air8 ; 
alio,  when  it  enters  into  combmation  with  another  ele- 
ment, double  decomposition  must  ensue,  for  example : — 

HH  -f  ClCl  =  Ha  -f  HCl  =  2atomaHCl. 

Gerhardt  has  adopted  this  hypothesis,  and  he  distin- 
^ishes  between  the  smallest  quantities  in  which  an 
element  is  capable  of  entering  into  combination  with 
other  bodies,  and  the  smallest  quantity  of  an  element 
n  hich  is  supposed  to  be  capable  of  existing  in  the  free 
^Late ;  the  first  is  termed  the  elementary  atom,  the  latter 
the  molecular  atom. 

121.  The  molecular  atoms  of  the  elements,  possessing, 
tvA  they  do,  the  double  weight  of  the  elementary  atoms, 
€orre8pond,  with  the  exception  of  phosphorus  and  arsenic, 
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to  two  Tolmnes  of  gas  or  yapoor,  as  is  shown  in  the  fol- 
kywhig  table  :* — 


Kmeof 

Spedfio 

Atomio 

Atomie 

MolecoUtf 

Moleenlsr 

ttkOMBt. 

K^^ 

w«i«fat. 

Tolome. 

weight. 

Tolame. 

Sjdrogen 

1 

H 

1 

HH 

2 

2 

OxTsen   .. 
8nI]Aiir  ... 

16 

T7 

16 

4^ 

32 

2 

32 

& 

32 

B& 

64 

2 

Chlorine  ... 

85-5 

CI 

36-5 

CICl 

71 

2 

Bromine  ... 

80 

Br 

80 

BrBr 

160 

2 

Iodine 

127 

I 

127 

II 

254 

2 

Nitrogen... 
Phospnoma 

14 

62 

N 
P 

14 
31 

PP 

28 
62 

2 

1 

Arsenic    ... 

150 

As 

75 

As  As 

150 

1 

Mercory ... 

100 

Hg 

100 

1 

HgHg 

200 

2 

122.  The  organic  radicals,  as  methyl,  ethyl,  butyl,  &c., 
and  other  organic  bodies,  on  the  old  view  represent  only 
one  Tokune  of  yapour,  their  atomic  weights  and  speoifio 
gravities  corresponding,  but  in  tiie  next  cluster  we  shall 
see  that  there  are  even  more  cogent  reasons  for  doubling 
the  atoms  of  these  bodies  in  weir  free  state  than  for 
doubling  the  atoms  of  the  elementary  bodies ;  and  if  ike 
atoms  are  doubled,  then  the  sp.  gr.  is  only  half  that  of 
their  atomic  weights ;  consequently,  the  atomic  measure 
of  these  bodies  b^mes  two  rolumes. 

123.  Dbksitt  of  Vapottbs. — The  density  of  a  yapour 
is  the  ratio  between  the  weight  of  a  certain  yolume  of  the 
yapour  and  that  of  the  same  yolume  of  atmospheric  air, 
under  the  same  conditions  of  temperature  ana  pressure. 
We  haye  therelbre  to  ascertain  the  weight,y,  of  a  yolume 
of  air,  «,  at  the  temperature  /,  and  under  the  pressure  Ho ; 
now  at  (f  C,  and  at  the  standard  pressure  (760  m.m.)  1 
cubic  centimetre  of  air  weighs  0*001293  grammes,  therefore 
the  weight  of  the  yolume,  v,  at  the  same  temperature  and 
pressure,  will  be  arrived  at  by  the  fc^owing  calculation, 
0*001293  X  V.  The  co-e£Scient  of  the  expansion  of  air, 
0-003665,  being  represented   by  a,  it  is  evident  that 

*  TIm  tabiM  niastnttng  Oerhttrdf  a  ByBtem  hare  been  talten  firom  the 
eifhliheditkAofFowiieir  '^Chemistry." 


QAT   LUSSAC'S   KBTHOD. 


the  vofume  of  air  will  increase  from  (f  C,  to  t  defrrees,  in 
the  proportion  of  1  to  1  -f  a  < ;  the  weight,  on  the  con- 
irtiTj,  for  equal  yolumea  will  decrease  in  the  proportion 
of  1  +  a  <  to  1 ;  therefore  the  weight  of  the  volome  of 
ttir,  V,  at  t  decrees,  and  at  the  standard  pressure,  will  be 
obtiiin<?d  by  the  following  formula : — 

0001293  X  V 
1-hat 

Consequently,  to  arrive  at  the  weight  of  a  like  volume 
at  the  pressure  Ho,  we  must  multiply  the  quantity 
mM>12i)3  XV  ^  Ho  , .  ,  .  0-0dl293  X  r  x  fll 
— Tf-oi-  ^y  T60-  ^^^  ^^^^^  {I  +  at)  X  760 
for  tlie  weight,  p',  of  a  volume  of  air,  v,  at  the  pressure 
H^  aiid  at  ^  de^ees. 

121).  Two  different  methods  are  used  for  determining 
tbe  donaity  of  vapours :  in  the  first,  which  was  invented 
by  Gaj  Lussac,  tne  volume  occupied  by  a  known  weight, 
p,  of  the  volatile  sub- 
sttLnee*  at  the  tempera- 
ture t.  and  under  the  pres- 
aur**  K —  A,  is  measured ; 
whilst  in  the  second  me- 
thod, which  was  invented 
by  DuFQfli,  the  siibstance 
u  THpourized  in  a  flask, 
of  whiL^b  the  volume  has 
be^n  previously  deter- 
mined, and  the  weight  of 
vapour  which  fills  it  is  de- 
termined by  experiment. 

125.  Gay  Lussac  s  «ie- 
fh  od- — The  apparatus,  Fig. 
10,  consists  or  an  iron  pot 
filled  with  mercury,  into 
which  is  placed  a  cylinder 
of  g]aD9,  M,  open  at  both 
cndjs;  this  oylmder  is  filled 
with  water,  unless  it  is 
requisite  to  observe  the 
volume  of  yapour  at  a 
temppratureabpvelOO^C, 
in  it  at  case  a  fixed  oil.  Fig.  lo. 
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wbieh  should  be  as  colourless  and  transparent  as  possible, 
is  used  in  place  of  water.  The  temperature  is  indicated 
by  tiid  thermometer,  T.  Inside  the  cylinder  is  a  graduated 
ptMjtr,  C,  filled  witb  mercury,  and  inverted  in  the  iron 
pt.  In  using  this  apparatus,  the  liquid  to  be  vapourized 
u  placed  in  a  very  tnin  glass  bulb.  A,  which  is  then  her- 
meiically  sealed ;  the  weight  of  the  liquid  employed  is 
ssoertained  by  weighing  the  bulb  both  before  and  after 
it  has  been  filled.  The  bulb  is  then  passed  up  into  the 
/nidnafced  glass  jar,  C,  and  the  glass  cylinder,  M,  is  then 
placed  oyer  the  graduated  jar,  and  is  filled  with  water  or 
cul;  Uie  apparatus,  thus  arranged,  is  placed  on  a  charcoal 
fazoaoe.  The  thin  glass  bulb  containmg  the  liquid  rises 
to  the  top  of  the  graduated  glass  jar,  C ;  the  heat  is 
gndaally  applied,  until  the  water  or  oU  in  the  cylinder 
leaches  a  few  degrees  above  that  at  which  the  liquid  in 
tile  bulb  becins  to  boil ;  the  bulb  bursts  by  reason  of  the 
expansion  of  the  liquid,  which  after  it  escapes  from  the 
boJb,  becomes  converted  into  vapour,  and  consequently 
eaoBes  the  mercury  in  the  graduated  jar  to  fall  as  shown 
in  ilg.  10.  llie  mercury  must  always  stand  a  little 
higher  inside  than  outside  the  graduated  tube,  as  this 
shows  that  tH  the  liquid  has  been  converted  into  vapour, 
which  of  course  is  necessary.  The  volume  of  the  vapour 
is  then  ascertained  by  means  of  the  graduated  scale  on 
the  glass  jar,  C,  its  temperature  is  indicated  by  the  ther- 
mometer, T,  and  the  pressure  to  which  it  is  subjected  is 
equal  to  the  height  of  the  barometer  less  the  height  of 
the  mercury  remaining  in  the  jar.  There  remains  then 
only  to  ascertain  the  weight  of  an  equal  volume  of  air 
mider  the  same  conditions  of  temperature  and  pressure, 
•ad  tiben  to  divide  the  weight  of  the  vapour  by  that  of 
the  air;  the  quotient  will  be  the  density  or  specific  weight 


Let  p  represent  the  weight  of  the  vapour  in 
graomies  ;  v  its  volume  in  cubic  centimetres,  t  its 
temperatvure,  H  the  height  of  the  barometer,  and  h  the 
height  of  the  mercury  in  the  graduated  jar.  It  is 
Tequired  to  ascertain  the  weight,  y ,  of  a  volume  of  air, 
9,  at  the  temperature,  t,  and  under  the  pressure  H  —  h; 
ttid  let  a  represent  the  co-efficient  of  the  expansion  of 
nr.  The  density  can  be  calctdated  by  means  of  the 
following  equation : — 
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Kg.  11. 


■n  —  J^    —   J>  (1  "H  gQ  760m.m. 
"^  ""   y    •"     -001293  »  (H  —  A). 

127.  This  method  is  not  well  adapted  for  temperatorea 
above  l(Kf  C,  or  170^  G. ;  but  Domas'  method  is  appli- 
cable to  any  temperature. 

128.  Dunuts'  method. —  The  following  is  a  sketch  of 
the  plan  of  operation  by  this  method:— A  light  glaaa 
^lobe,  a  (Fi^.  11),  about  three 
inches  in  diameter,  is  taken, 
and  its  neck  softened  and  drawn 
out  in  the  blowjiipe-flame  as  re* 
presented ;  after  it  is  accurately 
weighed,  about  one  hundred 
grams  of  the  y(^atile  Hqnid 
are  then  introduced,  by  (pently 
warming  the  globe  and  dipoing 
the  point  into  the  liquid,  wnion 
is  then  forced  upwards  by  the 
pressure  of  the  air  as  the  ressel 
cools.  The  globe  is  then  firmly  attached  by  wire  to  a 
handle,  b  (Fig.  11),  in  such  a  manner  that  it  may  be 
plunged  into  a  bath  of 
boiling  water  or  heated  oil 
(Fig.  12),  and  steadHy  held 
with  the  point  projecting 
upwards.  The  batn  must 
have  a  temperature  consi- 
derably aboTe  that  of  the 
boilins:  point  of  the  liquid; 
the  latter  becomes  rapid* 
ly  converted  into  vapour, 
which  escapes  by  the  nar- 
row orifice,  chasmg  before 
it  the  air  in  the  globe. 
When  the  issue  of  vapour 
has  wholly  ceased,  and  the 
temperature  of  the  bath, 
carefully  observed,  appears 
fully    uniform,  the    open 


Kg.  12. 


extreinity  of  the  point  is  hermetically  sealed  by  a  small 
blowpipe-flame.  The  globe  is  removed  from  the  bath  ; 
when  cold  it  is  cleansed,  if  necessary,  and  then  weighed. 
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after  wbieh  the  neck  is  broken  off  beneath  the  surface 
of  water,  which  has  been  boiled  and  cooled  out  of  oon- 
taefc  with  the  air,  or  (better)  mercurj.  The  liquid  enters 
the  dobe,  and,  if  the  expulsion  of  the  air  by  the  yapour 
has  Deen  complete,  fills  it;  if  otherwise,  an  air-bubble  is 
left,  whose  Yolume  can  be  easily  ascertained  by  pouring 
the  liquid  from  the  fflobe  into  a  jar  graduated  m  cubic 
inches,  and  then  refilling  the  globe,  and  repeating  the 
same  obseryation ;  the  capacity  of  the  yessel  is  thus  at  the 
same  time  known,  and  these  are  all  the  data  required. 
An  example  will  render  the  whole  intelligible. 

Deierminaiian  of  the  density  qfthe  vapour  of  Acetone. 

Capacity  of  globe       ...  31'61  cubic  inches. 

Weight  of  ^obe  filled  with  dry 

air  at  52^  JP.,  and  30*24  inches 

barometer       .... 
Weight  of  globe  filled  with  ya- 

ponr  at  212^  F.,  temperature 

of  bath  at  the  moment  of  seal- 
ing the  point,  and  30*24  inches 

barometer       .... 
Seeidnal    air   at    45''    F.,    and 

90^24  inches  barometer  - 


2070-88  grains. 


2076*81  grains. 
0*60  cubic  inches. 


31-61  cubic  inches  of  air  at  52^ 
F.,  and  30*24  inches  baro- 
meter      

At  60P  F.,  and  30  inches  baro- 
meter, weighing      ... 

Hence,  weight  or  empty  globe, 
2070*88  —  10*035    - 


32'36  cubic  inches. 
10*035  grains. 
2060*846  grains. 


0^6  cubic  inch  of  air  at  45^  F.  =  0*8  cubic  inch 
at  212*  F. ;  weight  of  which  by  calculation  =  0*191 
grain. 

31-61  —  0-8  =  30*81  cubic  inches  of  vapour  at  212* 
F.  and  30*24  inches  barometer,  which,  on  the  euppoH- 
tion  thai  it  could  bear  cooling  to  60^  F.  without  liquefao- 
tum^  would,  at  that  temperature,  and  under  a  pressure 

F 


63  DXTMAS'  KBTHOD. 

of  dO  inc^hes  barometer,  become  reduced  to  24*18  cubic 

Weigbt  of  globe  and  rapour  -  2076*810  grains, 
reaiduol  air    •        -         0191       ,. 


2076-619       „ 
Weight  of  globe        -        -        -   2060845 

Weight;  of  the  24*18  cubic  inches 

of  vapour  -  -  -  -  15*774  „ 
Conaequently,  100  cubic  inches 

of  such  vapour  must  weigh  -  65*23  ,, 
10()  ctibic  inches  of  air,  und^ 

iimilar  circumstances,  weigh  -       31*01  „ 

65  23 

Mrfoi  =  2*103,  the  sp.  gr.  of  the  Tapour  in  question, 

air  being  taken  as  unity. 

129.  **  In  the  foregoing  statement  a  correction  has 
boen,  for  the  sake  of  simplicity,  omitted,  which,  in  rery 
exact  experiments,  must  not  l>e  lost  sight  of,  viz.,  the 
espanBion  and  change  of  caoacity  of  the  glAM  globe  by 
the  olerated  temperature  or  the  bath.  The  density  so 
abtuined  will  be  always  on  this  account  a  little  too 
high.  The  error  to  which  the  mercurial  thermometer 
w,  at  liigh  temperatures,  liable,  tends  in  the  opposite 
direction.'** 

130.  The  following  very  simple  and  (for  most  chemical 
purpose«()  sufficiently  accurate  formula,  will  give  the  den- 
fiity  of  a  vapour,  from  an  experiment  conducted  as  above, 
\u  a  minute  or  two ;  and  will,  even  when  it  is  intended 
subsequeiitly  te  recalculate  the  experiment  with  all  the 
(corrections,  be  found  useful  to  determine  whether  an 
experiiuent  has  been  successful. 

I>  =:  tlie  required  density  of  the  vapour ; 
F  =-  di  Terence  in  weight  between  globe  and  air,  and 
globe  and  vapour ; 

V  ==  cuf^acity  of  balloon  in  cubic  centimetres ; 
«  ^  residual  air ; 

•  *'  Maniua  of  Ohemisizx,"  by  Ftwnee. 
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«,:=  wei^kt  of  one  cubic  centimetre  of  air,  at  tempera- 
ture at  whicli  ^e  globe  filled  with  air  waa  weighed ; 

n^  =  weight  of  one  cnbio  centimetre  of  air,  at  tempera- 
ture of  sealing  the  globe. 

We  hxie,  flierefore,— 

131.  Application  x>f  a  knowledge  of  the  specific  gravity 
nf  the  vapour  to  control  the  analysis  of  a  substance. — If  we 
know  tlie  density  of  a  compound  substance  we  can  ascer- 
tun  whether  the  empirical  formula^  that  is,  the  relative 
preporticns  of  the  equivalents  of  the  constituents,  which 
hare  be^d  deduced  from  the  quantitative  estimation  of  the 
elements  of  the  substance,  be  correct ;  for,  if  the  analysis 
<^a  substance  and  the  formula  deduced  from  it  be  correct, 
the  yapour  density  found  by  experiment  must  correspond 
with  that  calculated  from  the  formula.  If  we  know  the 
specific  gravity  of  a  compound  (which  may  be  regarded  as 
ue  weight  otone  Yolume  of  the  gaseous  compound),  and 
its  composition  by  weight,  we  can  calculate  the  composition 
bf  volume,  and  therefore,  of  course,  its  specific  gravity. 
Example. — We  have  seen  that  the  density  of  acetone- 
vapour,  Vy  experiment,  is  2*  103,  and  the  analysis  of  the 
compound  shows  that  its  composition  by  weight  is  6207 
of  carbon,  10-34  of  hydrogen,  and  27*69  of  oxygen,  in  100 
parts.  In  order  to  calcu&te  the  composition  by  volume 
and  specific  gravity,  we  must  calculate  the  quantity  of 
carbon,  hydrogen,  and  oxygen  in  2' 103  of  acetone. 

If  100 parts  contain 6207  carbon,  2103  contain  1*30533. 
»      10-34      „  „  „         0-21745. 

„      27*69      „  „  „         0-58021. 

The  specific  gravity,  or  weight  of  volume  of  carbon- 
va|M>ur,  IS  assumed  to  be  0*42139 ;  1  vol.  of  hydrogen 
weighs  '0693,  and  1  vol.  of  oxygen  weighs  1*1093  ;  it  is, 
therefore,  evident  that  1  vol.  of  the  vapour  of  acetone 
eontainB, — 


*  Uebig't  "  Handbook  of  Orguiio  Analyiis." 

-f  8e«  the  aatlkor's  **  Tint  Bt«p  in  Chemiatrj,"  p.  238,  Srd  Bditton. 
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3  Yols.  OiTpothetical)  yspour  of  carbon 

3  vols,  of  hydrogen 

i  voL  of  oxygen       -  -  - 


-  126417 

-  0-20790 

-  0-55460 


Theoretical  sp.  gr.  of  the  yapour  of  acetone  2*02667 
132,  The  composition  by  volume  of  a  substance,  uid  its 
denait^,  can  aUo  be  calculated  from  the  formula  in  the 
rollow^inf?  way  :—E sample :  The  formula  of  acetone,  de- 
duced fram  the  analysis,  is  C,  H,  O  ;  if  we  assume  that . 
the  equivaleiit  weight  of  hydrogen  is  represented  by  1  voL, 
and  that  the  equivalent  weight  of  caroon  is  represented 
by  I  vol.,  then  the  equivalent  weight  of  oxygen  is  repre- 
sented by  hair  a  volume.  Upon  these  assumptions  the  fol- 
lowiDs  calculation  is  made  for  the  purpose  of  ascertaining 
how  riur  tbo  Ibrmula  of  acetone  agrees  with  the  vapour 
density  :— 

2  pqs.  of  carbon-vapour  represent 
3  vols.,  wLit^h  weigh 

3  cqs.  of  hydrogen  gas  represent 
Z  vols.,  which  weigh 

1  eq.   of  oxy^ea  gas    represents 
I  vol.,  which  weighs 


0-42139  X  3  =  1-26417 
006930  X  3  =  0-20790 


110930 -5-2  =  0-65460 


Theorotkal  sp,  gr.  of  the  vapour  of  acetone  •  2*02667 
13:).  By  tha  aid  of  the  vapour  density  obtained  by 
experiment,  we  are  enabled  to  ascertain  wnether  we  have 
deduced  from  the  analysis  of  a  substance  a  correct  em* 
pirical  formula,  that  is,  whether  the  formula  gives  the 
correct  atomic  proportion  of  the  elements ;  but  the  density 
does  Dot  enable  us  to  decide  what  is  the  atomic  weight  of 
the  compotiud.  For  instance,  by  the  aid  of  the  vapour 
density  of  acetone  we  find  that  the  carbon,  hydrogen,  and 
oxygen  in  ihiLt  compound  are  in  the  atomic  ratio  of  8 
atoms  of  carbon,  3  of  hydrogen,  to  1  of  oxygen ;  but 
whether  the  rational  formula  of  acetone  is  C,  H,  O,  or 
C#  H#  Oj,  or  C,  Hg  O,,  the  vapour  density  does  not  enable 
tifl  to  decide* 

131.  If  the  experimental  density,  and  that  obtained  by 


*  Th#  dcfferctiep  (jotween  the  iheoretioal  number  and  the  nomber  found 
h^  uiperirumt  Jit  duo,  in  part,  to  alight  arrora  which  alwaja  occur  in  dete 
mirLauoDj  of  thia  L  in^l,  but  there  are  other  oausea,  which  it  ia  not  neceaaarj 
here  te  Dolkc^*  ivliiich  aaaiat  in  producing  the  difference. 
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ealeoktion,  are  the  same,  it  shows  that  the  constitnents  of 
the  compound  are  condensed  into  one  yolume.  But  if  the 
ealculated  density^  is  doable  that  of  the  density  obtained 
by  ex]periment,  it  shows  that  the  constituents  are  con- 
dansea  into  two  Tolnmes,  &c. 

135.  All  assumptions  may  be  dispensed  with  in  calco« 
latiDf  the  density,  if  we  first  obtain  the  atomic  measure 
by  <&ridmg  the  atomic  weight  by  the  specific  gravity 
(111) ;  the  quotient  will  comcide  or  approximate  yery 
elotely  with  one  of  the  following  numbers  (if  the  formula 
and Tspofur  density  be  correct),  2*41, 7*23, 14*66,  or  2892, 
aeeording  as  the  established  formula  represents  a  con- 
denaation  to  },  1,  2,  or  4  volumes,  taking  the  atom  of 
oxygen  to^  occupy  one  volume.  If  we  then  divide  the 
atomic  weight  by  the  number  representing  the  atomic 
measure,  we  obtain  the  theoretical  density  (111),  which 
ought  to  correspond  with  that  obtained  by  experiment. 

BZBBCI8B8. 

65.  What  would  be  the  weight  of  1  cubic  cent,  of  air 
at  KfC'.  and  at  the  standard  pressure? 

66.  What  would  be  the  weight  of  20  cubic  cent,  of  air 
at  15*  C.  and  at  the  standard  pressure  P 

67.  What  would  be  the  weight  of  15  cubic  cent,  of  air 
at  20*  C.  and  at  740m.m.P 

68.  What  would  be  the  weight  of  100  cubic  cent,  of 
airatO*C.  and750m.m.P 

69.  The  foUowing  observations  were  made  in  deter- 
mining the  sp.  gr.  of  a  vapour  by  Gray  Lussac's  method : 
calculate  the  sp.  gr.  of  the  vapour  from  these  data : — 

Weight  of  liquid  used  -  -      0*0366  ^ams. 

Observed  volume  of  vapour    -  -    18*7  cubic  cent. 

Height  of  barometer    ...  760*3  m.  m. 
Height  of  mercury  in  graduated  vessel  109  2    „ 
Temperature  -  -  -  100*  C. 

70.  In  the  determination  of  the  sp.  gr.  of  the  vapour 
of  acetie  ether  by  Dumas'  method,  the  capacity  of  the 
globe  was  305  cubic  centimetres;  its  weight,  when  filled 
with  air  at  10"  C,  was  36  grammes ;  the  weight  of  the 
globe  filled  with  vapour  at  l&y  C,  which  was  the  tempera- 
ture at  the  moment  of  sealing,  was  36'488  grams. ;  Uie 
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Tolnine  of  residual  air  was  10  cable  cent.  What  was  the 
eipei'lmental  bd.  gr.  of  the  vapour  P 

71,  In  the  aetermination  of  the  sp.  gr.  of  the  vai>onr 
of  bromiUo  of  propylene  (C^H^Br^  by  Dumas'  metnod, 
the  c'flpat'ity  of  tne  globe  was  204*5  cubic  cent. ;  its  weight, 
when  lilletl  with  d^  air  at  22*25*'  C,  was  33*2504  grams. ; 
the  ft'ei^riit  of  the  globe  filled  with  yapoor  at  198*  C, 
which  Tvas  the  temperature  at  the  moment  of  sealing,  was 
34'087i)  ^i*sm0. :  the  Yolume  of  the  residual  air  was  4  cubic 
cent.  What  was  the  erperimental  sp.  gr.  of  the  Tapour? 
and  oak'ulato  the  theoretical  density  m>m  the  formiua. 

7%  Thv  tbllowing  observations  were  made  in  deter- 
minm^  tht^  sp.  gr.  of  the  yapour  of  amyl  by  Gay  Lussac's 
method  i  caLcuuite  the  sp.  gr.  of  the  yapour  from  these 
data :  — 

Wei gbt  of  liquid  used  -  -  0*1670 grams. 

Obaorved  volume  of  yapour  -  -        46*5  cubic  cent. 

Teiiipemture  -  -  -  190*5°  C. 

HeigJit  t>i'  barometer  -  -  738*1  m.m. 

Hejg^bt  of  mercury  in  graduated  glass       10*0    „ 

7y.  Thei  following  obseryations  were  made  in  deter- 
n^inin^  t!io  ap.  gr.  of  a  yapour  by  Gay  Lussac's  method  : 
calculate  tUo  ep.  gr.  of  the  yapour  from  these  data: — 

Weight  of  liquid  employed         -        -        0*0863  g^rams. 
ObiserTed  volume  of  yapour         -        -      39*8  cuIhc  cent. 

Temperature 100°  C. 

Height  of  barometer  -        -        -        -  733*8  m.m. 
Height  of  mercury  in  graduated  glass       31*0    „ 

74<.  In  the  determination  of  the  sp.  gr.  of  the  yapour 

of  amy  late  of  ethyl,  p*  -rr*  J  O,,  by  Pumas'  method, 

tht?  capacity  of  the  globe  was  377  cubic  cent. ;  its  weight, 
VI  ht^n  bbuihyith  dry  air  at  10°  C,  was  93*779  grams. ;  the 
weight  of  the  globe  filled  with  yapour  at  135  5°  C, 
wliieh  vtvlB  the  temperature  at  the  moment  of  sealing,  was 
94  0755  grame. ;  the  yolume  of  residual  air  was  3  cubic 
cent.  Wbat  was  the  sp.  ^.  of  the  yapour  by  experiment  P 
and  ca1eulat«  the  theoretical  density  firom  the  formula. 

75.  What  is  the  composition,  by  yolume  and  the- 
oretieAl  sp.  gr.,  of  butylio  alcohol,  its  percentage  com- 
position by  weight  being  64*86   of  carbon,   13*51    of 


IZBBCI8X0.  71 

ItydTOgeB,  and  21*63  of  oxygen ;  and  ita  vaponr  density, 
by  experiment^  being  2'689P 

76.  What  is  the  eompoaition,  by  Tolume  and  the- 
oretical ip.  gr.,  of  iodide  of  batyU  its  pero^itage  oom* 
position  by  weight  being  26*22  of  earbon,  491  of  hydrogen, 
and  68*87  of  iodine ;  and  its  Taponr  density,  by  expeh- 
ment,  being  6-217  P 

77.  In  the  determination  of  the  sp.  gr.  of  the  Taponr 

of  ethylate  of  methyl,  q*  tx*  ^Os,  the  following  obserra- 
tiona  were  laade:-^ 

Weight  of  globe  and  air  at  12^  C.  and 
3005  inches  bar.  -  -  =  53'624  grams. 

Weight  of  globe  and  raponr  (the 
temp.  =  23-5*  C,  and  bar.  =  3(K>5 
inches  at  the  moment  of  sealing)  -  =  54*179      „ 

Capacity  of  globe     -        -        -        -  =      438  cubic  cent. 

Besidoal  air  at  16^  C,  and  30*05  bar.  =       23      „ 

Calculate  the  density  by  experiment,  according  to  the  plan 
after  which  the  vapour  of  acetone  is  calculated  (page  65). 

138.  The  sp.  gr.  of  a  gas  can  be  calculated  from  its 
atomic  weight,  or  its  atomic  weight  from  its  sp.  gr.,  as 
they  are  necessarily  related  to  each  other.  The  sp.  gr.  of 
a  body  in  a  state  of  Tapour  is  obtained  by  multiplying  the 
atomic  weight  of  the  body  by  1106*6,  the  sp.  gr.  of  oxygen, 
and  dividing  by  8,  ff  loe  take  oxygen  as  ike  standard. 
The  number  thus  found  must  then  be  divided  by  the 
number  of  volumes  which  are  known  to  compose  the 
combining  measure,  jf^  we  take  hydrogen  as  the  standard^ 
we  must  multiply  the  atomic  weight  of  the  body  we 
desire  to  find  the  sp.  gr.  of  by  1,  and  divide  by  1 ;  the 
quotient  will  be  the  sp.  gr.  of  the  body,  if  it  be  a  mon- 
atomic  ^  ;  if  it  be  a  diatomic  gas,  the  quotient  must  be 
multiplied  by  2 ;  in  other  words,  the  q^uotient  must  be 
multiplied  by  the  number  of  volumes  which  are  known  to 
compose  the  combining  measure  of  the  vapour. 

XISCBLLAJIBOUS  BXBBCI8ES. 

78.  In  what  proportions  by  volume  do  ammonia 
(N  H,)  and  hydrochloric  acid  combine  to  form  chloride  of 
ammonium,   the  combining  measure  of  oxygen  being 
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taken  as  one  yolomeiP  and  what  is  the  atomic  measure  of 
chloride  of  ammonium  P  The  sp.  gr.  of  ammonia  is  0*696, 
the  sp.  gr.  of  hydrochloric  acid  is  1*247,  and  the  sp.  gr.  of 
chloride  of  ammonium  is  0*89  (air  =  1). 

79.  One  volume  of  a  gas  composed  of  carbon  and  hj* 
drogen  consumed  6^  times  its  Tolume  of  ozygen,  and 
generated  4  times  its  volume  of  carbonic  acid :  now  manj 
volumes  of  hydrogen,  and  how  many  volumes  of  carbon- 
vapour,  were  condensed  into  one  volume  of  the  gas,  and 
what  was  the  theoreticsl  density  of  the  gas  P 

80.  The  atomic  weight  of  hydrogen  being  1,  and  its 
sp.  fj.  being  1,  what  will  be  the  sp.  gr.  of  phosphorus,  iU 
equivalent  being  31 P 

81.  The  atomic  and  specific  weight  of  hydrogen  being 
1,  what  will  be  the  sp.  gr.  of  chlorine,  its  equivalent  being 
35-6P 

82.  The  atomic  weight  of  oxygen  being  8,  and  its  sp. 
gr.  being  1105*6,  what  will  be  the  sp.  gr.  of  nitrogen,  its 
equivalent  being  14  P 

83.  The  atomic  weight  of  oxygen  being  8,  and  its  sp. 
gr.  being  1106*6,  what  will  be  the  sp.  gr.  of  sulphur,  its 
equivalent  being  16  P 

84.  The  sp.  gpr.  of  hydrochloric  acid  being  1^7,  that 
of  hydrogen  bemg  00692,  and  that  of  chlorine  being  2'47» 
what  is.  the  percentage  composition  by  weight  of  the  acid  P 

86.  The  sp.  gr.  of  olefiant  gas  being  0*981,  that  of 
hydrogen  bemg  0*0692,  and  that  of  carbon  vapour  being 
0*418,  what  is  the  percentage  composition  by  weight  of 
olefiant  gas  P 

86.  One  hundred  measures  of  a  gaseous  compound  of 
carbon  and  hydrogen  were  mixed  with  200  measures  of 
oxygen  in  the  eudiometer,  and  the  mixture  was  exploded 
by  the  electric  spark :  100  measures  of  a  gas  remained 
after  the  explosion,  which  was  entirely  absorbable  by  a 
solution  of  potash :  what  was  the  composition  of  the  gas 
by  volume ;  what  was  its  percentage  composition  liy 
weight ;  and  what  was  its  formula  P  The  density  of  the 
gas  was  0*669. 

87.  One  hundred  measures  of  a  gaseous  compound  of 
carbon  and  hydrogen  were  mixed  with  300  measures  of 
oxygen  in  the  eudiometer,  and  the  mixture  was  exploded 
by  the  electric  spark :  200  measures  of  a  gas  remained 
Itfter  the  explosion,  which  was  entirely  absorbable  hj  a 
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•ohitioa  of  potash :  what  was  the  composiiion  of  the  gas 
by  Tolfune ;  what  was  its  percentage  composition  oy 
weight;  and  what  was  its  foimulaP  The  density  of  the 
gas  was  0981. 

88.  In  what  proportions  by  volume  do  cyanogen  and 
eti^l  (C4  H,)  combine  to  form  cyanide  of  etnjl,  Uie  com- 
bining  measure  of  oxygen  being  taken  as  one  yolumeP 
and  what  is  the  atomic  measure  of  cjanide  of  ethyl? 
The  sp.  gr.  of  cyanogen  is  1'806 ;  that  of  ethyl  is  2004 ; 
and  that  of  cyanide  of  ethyl  is  0*788  (air  =  1). 

89.  One  Tolume  of  a  gas  composed  of  carbon  and 
hydrogen  consumed  3i  times  its  volume  of  oxygen,  and 
generated  2  volumes  of  carbonic  acid :  how  many  volumes 
of  carbon-vapour,  and  how  many  volumes  of  hydrogen, 
were  condensed  into  one  volume  of  the  gas,  and  what 
was  tibe  theoretical  density  of  the  gas  P 

90.  What  is  the  composition,  by  volume  and  theoretical 
denaitj,  of  amylene  (Cio  Hjo) ;  and  how  many  volumes  of 
o^gen  would  one  volume  of  it  require  for  its  combus- 
tion ;  and  how  many  volumes  of  carbonic  acid  would  be 
generated? 

91.  How  many  volumes  of  oxygen  would  one  volume 
of  olefiant  gas  require  for  its  comoustion ;  and  how  many 
volumes  of  carbonic  acid  would  be  generated  P 

92.  A  gas  made  from  coal  had  the  following  percentage 
composition : — 

Hydro-carbons  absorbable   by    fuming   sul- 
phuric acid         10*81* 

Light  carburetted  hydrogen  ....  4199 

Hydrogen -        .  36-94 

Carbonic  oxide 10*07 

Carbonic  acid 1*19 

Nitrogen)  . 

OxygS   \ *"^«^«- 

10000 
One  volume  of  the  hvdro-carbons  absorbable  by  sul- 
phuric acid,  when  exploded  with  oxygen,  generated  2*8 
volumes  of  carbonic  acidtf  was  olefiant  gas  the  only 

Oleflsni  gas,  aad  almost  aU  the  h^dro-oarboiu  havinf^  the  general 


ft  Cb  £ ,  are  completely  absorbed  by  fuming  solphario  acid. 
^  The  fllmninating  power  of  ooal-eaa  is  ezolusiTely  due  to  the  hydro- 
oarboBs  of  the  form  €•  Ha ;  and  as  these  vary  in  their  Ught-giTing  powers. 
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hydro-carbon   present  P     If  other  hydro-carbons  were 
present,  state  what  the  10*81  is  equal  to  in  olefiant  gas. 

93.  What  bulk  of  air  would  be  required  for  the  com- 
bustion of  100  grains  of  a  coal  of  the  following  compo- 
sition ;  what  products  would  result  from  the  combustion, 
and  what  would  be  the  weight  of  each  product,  and  what 
the  bulk  of  the  carbonic  acid  produced  P 

Carbon 71*08 


Hydrogen 
Nitrogen  - 
Sulphur  - 
Oxygen  - 
Ash  - 


4-88 
0-95 
1-37 
17-87 
3-86 


10000 
94.  What  bulk  of  air  would  be  reqjuired  for  100  grains 
of  a  peat  of  the  following  composition ;  what  products 
would  result  from  the  combustion,  and  what  would  be  the 
weight  of  each  product,  and  what  the  bulk  of  the  carbonic 
acid  produced  r 

Carbon 68*69 

Hydrogen         -        .        -        .  4-97 

Nitrogen 147 

Oxygen 32*88 

Ash  -        -        -        -        .        .  1-99 


10000 

95*  Coal  gas  made  from  Lismahago  Cannel  had  the 
following  percentage  composition : — 
Hydron-carbons  absorbable    by  fuming  sul- 
phuric acid     -  -  -  - 
Light  carburetted  hydrogen 
Hydrogen          - 

Carbomc  oxide  -  -  -  - 

Carbonic  acid    -  -  -  - 

Oxygen      ^        .  .  .  . 

Nitrogen  ) 


16-31 
4201 

26-84 

1418 

0-66 

traces. 


10000 


in  direct  proportion  to  their  richnen  in  carbon,  it  follows  that  their  iUa- 
minating  Talue  can  only  be  estimated  bj  detemuning  the  amount  of  carbon 
which  a  gixen  volume  of  them  containa. 
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One  volume  of  the  hydro-carbons  absorbable  by  sulphurio 
acid»  nrhen  exploded  with  oxygen,  produced  3*47  yolnmes 
of  carbonic  acid ;  was  olefiant  gas  the  only  hydro-carbon 
present  P  If  olefiant  gas  was  not  the  only  hydro-carbon 
present*  state  what  the  16*31  is  equal  to  in  olefiant  gas. 

96.  What  bulk  of  air  would  be  required  for  100  grains 
of  a  coal  of  the  following  composition ;  what  products 
would  be  produced  by  the  combustion ;  what  would  be 
tiie  weight  of  each  product;  and  what  the  bulk  of  the 
carbonic  acid  produced? 


Carbon  - 
Hydrogen 
Nitn^en 
Sulphur 


-  89^78 

-  615 

-  216 

-  102 

-  0-39 

-  1-60. 


10000 


97.  In  the  determination  of  the  sp.  gr.  of  the  vapour  of 
eugenic  acid  {C^  H„  O^)  the  capacity  of  the  globe  was 
275*5  cubic  cent. ;  excess  of  weight  of  globe,  0*7030  gram. ; 
temperature  of  vapour, 
274*  C. ;  temperature  of 
air,  18*  C. ;  residual  air, 
1-0  cubic  cent.  What 
was  the  experimental 
sp.  gr.  of  the  vapour  P 

98.  What  IS  the 
atomic  measure  and 
theoretical  density  of 
the  vapour  of  eugenic 
acidP 

137.  Buoycmeyqfihe 
air, — The  general  fact, 
that  air,  uke  liquids, 
buoys  up  all  bodies  im- 
mersed m  it,  may  be 
illustrated  by  means  of 
the  apparatus  repre- 
sented m  Fig.  13.  It 
consists    of   a    closed  Fig.  13. 
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globe,  Btispended  to  one  arm  of  a  delicate  balance,  equi- 
poised by  a  weight  suspended  to  the  other.  The  two  are  in 
equilibrium  in  the  air,  but  only  because  the  globe,  being 
larger  than  the  weight,  is  buoyed  up  by  a  greater  force. 
If,  now,  the  apparatus  is  placed  upon  the  plate  of  an  air- 
pump  and  covered  with  a  glass  bell,  we  shall  find,  on 
removing  the  air,  that  the  globe  will  preponderate,  as 
IB  shown  in  the  figure.  By  removing  the  air  we  increase 
the  apparent  weight  both  of  the  globe  and  of  the  counter- 
poise by  just  the  weight  of  the  air  displaced  by  each ;  but 
as  the  globe  is  much  the  largest,  we  increase  its  weight 
more  than  that  of  the  smaller  brass  counterpoise,  and 
hence  the  result.  If  we  allow  the  air  to  re-enter  the  bell, 
it  will  buoy  up  the  globe,  as  before,  so  much  more  than 
the  counterpoise,  as  to  restore  the  equilibrium. 

138.  Weight  of  a  body  in  air. — An  important  conse- 
quence of  the  principle  just  illustrated  is  evident.  The 
balance  does  not  give  us  the  true  relative  weight,  W,  of  a 
body,  but  a  slightly  different  weisht,  depending  on  the 
weight  of  air  displaced  by  the  body,  compared  with  the 
weight  of  air  displaced  by  the  brass  or  platinum  weights 
used  in  weighing.  As  the  volume  of  these  weights  is  gene- 
rally less  than  that  of  the  body,  the  weight  indicated  by  the 
balance  is  almost  always  too  small ;  but  when  the  volume 
of  the  weights  is  greater  than  that  of  the  body,  the  weight 
indicated  oy  the  balance  is  too  lar^e.  When  the  two 
volumes  are  equal,  the  balance  will  indicate  the  same  weight 
in  air  as  in  a  vacuum.  It  is  easy  to  ascertain  the  correction 
which  it  is  necessary  to  add  or  to  subtract  from  the  weight 
of  a  body  in  air  in  order  to  obtain  its  true  weight.* 


*  **  The  weight  of  the  displaced  portion  of  air  may  be  easily  ascertained 
if  the  specific  gravity  of  the  Dody  be  known;  for,  from  the  obserTed  weight 
of  ihe  TOdy,  we  can  calculnte  directly  the  weight  of  an  equal  bulk  of  water, 
and  vh^th  of  this  weight  will  give  the  weight  of  a  corresponding  bulk  of  air 
at  mean  temperature  and  pressure.  This  weight  must  be  added  to  that 
aotnaJly  founa ;  at  the  same  time,  a  similar  and  op^site  correction  will  be 
required  for  the  metallic  weights  used  in  the  experiment,  because  they  will 
alro  appear  to  be  lighter  than  they  really  are ;  and  an  unount  of  weight 
greater  than  the  true  one  will  be  required  to  effect  the  counterpoise.  If, 
therefore,  the  weights  have  the  same  specific  gravity  as  the  body  oountero 
poised,  the  two  corrections  will  neutralise  each  other ;  but  if,  as  in  weirii- 
mg  gases,  there  is  a  great  difflerenoe  between  them,  the  correction  willbe 
one  of  importance.  The  true  weight  sought  will  be  thus  obtained: — 
Add  to  the  weight  qfthe  body  in  air,  the  weight  qfthe  buUeofair  which  it  hat 
dieplaced,  and  deduct  from  thie  the  weight  qf  the  bulk  of  air  dieplaeed  by 
the  weight*  ev^loyed." — Miller. 
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139.  It  must  be  remembered  that  tbe  brass  and  plati- 
num weights  which  are  used  in  delicate  determinations  of 
weight  are  only  standard  when  in  a  yacuum.  Let  ns, 
then,  represent  the  Tarious  values  as  follows : — 

"W*  =  Weight  of  the  body  in  air  as  estimated  by  standard 
weights ;  and  also  the  weight  of  the  standard 
weights  themselves  in  a  vacuum. 

V>  =  Volume  of  the  standard  weights  in  cubic  centi- 
metres. 

V  =  Volume  of  the  body  in  cubic  centimetres. 

w  =s  Weight  of  one  cubic  centimetre  of  air  at  the 
time  of  the  weighing. 

W  =  Weight  of  the  body  in  a  vacuum,— which  we 
vrish  tofind. 

We  can  now  easily  deduce  the  following  values : — 

V*«  =  Buoyancy  of  air  on  the  weights. 
Vio  =  Buoyancy  of  air  on  the  body. 
W*  —  y^w  =  Actual  weight  of  standard  weights  in  air. 
W  —  Vw  =  Actual  weight  of  body  in  air. 

Since  these  weights  just  balanced  each  other,  we  have— 

W-Vip  =  W'-V*fa;  or  W  =  W*  + w  (V  -  V*). 

140.  The  correction  w  (V  ^  V^)  which  must  be  made 
to  the  weight  determined  by  a  balance  in  air  in  order  to 
obtain  the  weight  in  a  vacuum,  is  evidently  additive  when 
the  volume  of  the  body  is  greater  than  that  of  the  wei&^ts, 
and  subtractive  when  these  conditions  are  reversed.  When 
the  volumes  are  equal,  the  correction  becomes  0. 

141.  In  all  ordinaiT  cases  of  weighing,  the  correction  is 
so  small  that  it  may  be  neglected  without  sensible  error ; 
but  it  becomes  of  the  greatest  importance  in  determining 
the  weight  of  a  gas.  In  such  cases,  we  have  to  determine 
the  weight  of  a  large  glass  globe,  when  completely  vacuous, 
and  when  filled  with  gas ;  and  it  not  unfrequently  happens, 
that  the  buoyancy  of  tbe  air  is  greater  than  the  weignt  of 
the  gas  itself,  and  it  is  always  a  considerable  part  of  it. 
If  the  buoyancy  of  the  air  is  the  same  when  the  ^lobe  is 
weighed  in  its  vacuous  condition  and  when  filled  with  gas, 
it  would  not  afiect  the  weight  of  the  gas,  which  would  be 
obtained  by  subtracting  Sie  first  weight  from  the  last. 
But,  unfortunately,  the  buoyancy  is  constantly  changing; 
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and  it  is,  therefore,  necessary  to  determine  the  amount 
careMly  at  each  weighing,  and  reduce  the  weights  of  the 
glohe  in  the  two  oonmtions  to  what  they  would  be  if  the 
experiments  had  been  nuule  in  a  vacuum. 

142.  When  the  temperature  is  0°  C,  and  the  barometer 
stands  at  76  c.  m.,  and  when  the  air  contains  neither  vapour 
of  water  nor  carbonic  acid,  w  is  equal  to  0*001293  grams. 
Were  the  atmosphere  always  in  this  condition,  nothing 
would  be  easier  than  to  calculate  the  actual  weight  of  a 
body  from  the  weight  found  by  weighing  in  this  normal 
atmosphere.  But  this  is  far  from  being  the  case ;  for  the 
temperature,  the  pressure,  and  the  composition  of  the 
atmosphere,  are  changing  at  each  moment,  and  the  value 
of  w  varies  with  all  these  atmospheric  changes. 

143.  It  is  frequently  possible  to  conduct  the  process 
of  weighing  in  such  a  way  that  the  correction  for  the 
buoyancy  of  the  atmosphere,  always  somewhat  uncertain, 
may  be  avoided.  For  example,  in  weighing  a  gas,  instead 
of  equipoising  the  glass  globe  when  empty,  by  means 
of  ordinary  weights,  we  may  equipoise  it  by  means  of 
a  second  globe,  hermetically  closed,  and  having  the  same 
volume  as  the  first,  in  the  manner  represented  m  Fig.  14. 
It  is  evident  that  in  this  case,  whatever  may  be  the 
buoyancy  of  the  atmosphere,  it  will  equally  affect  both 
globes,  and  we  shall  only  have  to  consider  the  buoyancy 
of  the  air  on  the  small  weights  necessary  to  restore  the 
equilibrium  after  die  globe  is  filled  with  the  gas  to  be 
weighed;  but  this  is  so  small  that  it  may  always  be 
neglected.* 

144.  Densities  of  Gases. — Be^naulfs  method, — ^The 
most  accurate  method  of  determinmg  the  specific  gravity 
of  a  gas  is  due  to  fie^ault;  it  consists  in  determining 
with  the  apparatus,  Fig.  14,  the  weight  of  the  given  gas 
which  a  large  balloon  will  contain  at  0°  C.  and  76  c.  m., 
and  then  dividing  this  weight  by  that  of  an  equal  volume 
of  air  previously  determined  in  the  s^me  way.  The 
balloon  m  which  the  gas  is  weighed  is  counterpoised,  not 
entirely  by  weights,  but  chiefiy,  as  we  have  already  stated, 
by  another  balloon  of  the  same  kind  of  glass,  and  of 
the  same  bulk.  To  do  this,  it  is  necessair  to  determine 
the  volume  of  air  displaced  by  the  balloon  in  which 

•  Cooke's  "  Chemiotl  PhTBiM." 
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the  gM  is  to  be  weighed,  and  which  we  will  call  A.  It  is 
to  be  filled  with  water,  and  then  weighed  in  water  of  the 
same  temperature.  The  apparent  weight  of  the  balloon  in 
water  is  so  small,  that  this  may  be  effected  on  the  balance 
to  be  used  for  the  densities.    The  balloon  is  now  to  be 


Fig.  14. 

removed,  and  weighed,  after  wiping,  but  still  filled  with 
water,  on  a  strongbalance  capable  of  indicating  one  deci- 
gramme. The  dmerence  in  the  two  weighings  is  equal 
to  the  weight  of  water  displaced  by  the  external  volume 
of  tiie  balloon.  Another  balloon,  B,  Fig.  14,  of  nearly  the 
same  capacity  as  A,  but,  preferably,  a  little  smaller  than 
that  of  the  nnt  and  its  stopcock,  and  made  of  the  same 
kind  of  glass,  is  taken,  and  has  connected  to  it  a  brass 
moontinff,  terminating  in  a  hook,  to  enable  it  to  be  sus- 
pended from  the  balance-pan.  If  the  united  weight  of 
the  water  displaced  by  the  oalloon,  B,  and  its  mounting,  is 
less  by  n  grammes  than  Hie  weight  of  the  water  displaced 
by  the  baUoon,  A,  we  must  attach  to  B  a  glass  tube  closed 
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at  each  end,  and  having  an  exterior  bulk  =  n  cent.  cub. 
of  water.* 

145.  The  engraving,  Fig.  14,  shows  the  method  of  sna- 
l^ending  the  badloons  beneath  the  scale-pans  of  the  balance, 
in  a  chamber  closed  with  glass  doors  to  prevent  currents  of 
air.  The  balance,  although  large,  is  of  great  delicacy ; 
for  when  charged  with  one  kilogramme  in  each  pan,  it 
permits  with  certainty  an  appreciation  of  half  a  mille- 
gratnme.  The  balloons  employed  have  a  capacity  of  about 
10  litres. 


Pig.  16. 

146.  The  balloon.  A,  has  a  stopcock  attached  to  it,  which 
allows  it  to  be  connected  either  with  a  thi^ee-way  tube  com- 
municating with  the  gas-holder,  or  with  the  air-nump. 
The  air  having  been  removed  as  completely  as  possible,  the 
gaa  is  allowed  to  enter  ;  but  as  a  small  amount  of  air  still 

*  BcoMue  1  cent.  oab.  of  water  weighs  1  granime. 
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remains,  the  operation  is  to  be  repeated 
twice.  Prerioos  to  the  third  time  of 
filling  the  globe,  it  is,  after  as  complete 
exhaostion  as  possible,  to  be  fdacMl  in 
a  case,  a  5,  fig.  15,  and  coyered  with 
melting  ice ;  the  cock  being  opened,  the 
globe  IS  allowed  to  fill  with  gas,  and 
when  full,  a  momentary  communication 
is  made  with  the  atmosphere  to  equalize 
the  pressure ;  the  cock,  e ,  is  clos^,  the 
globe  remov^,  wiped  with  a  damp  doth 
to  nrerent  electrical  excitation,  which 
mignt  cause  serioas  errors  in  the  weigh- 
ing, and  suspended  on  the  balance.  It  is 
not  weighed  until  two  hours  have  elapsed, 
so  as  to  permit  the  temperature  to  be- 
come the  same  as  that  of  the  balance 
ease,  and  thus  obyiate  currents  of  air, 
and  also  that  its  surface  may  be  covered 
with  tiie  normal  amount  of  humidity. 
After  careful  weighing,  the  balloon  is 
placed  anew  in  the  case,  a  h,  Fig.  15,  sur- 
rounded with  ice,  and  the  gas  remored 
by  the  pump. 

It  is  necessary  now  to  ascertain  both 
the  atmospheric  pressure  and  the  elastic 
force  of  the  gas  remaining  in  the  balloon. 
For  this  purpose,  an  instrument  called  a 
barometno  manometer,  is  made  use  of. 
It  consists  of  two  tubes,  A  B  and  C  D, 
Fig.  16,  attached  to  a  support,  which  ia 
se^ired  perpendicularly  to  a  walL  The 
tnbe,  A  B,  IS  a  barometer  of  20  m.m.  in- 
terior diametor;  the  metal  in  the  tube 
haying  been  carefully  boiled,  it  is  inverted 
in  a  astern  of  dry  mercury.  This  dstom 
is  a  box  divided  into  two  parts,  the  smaller  ^s*  ^^* 
of  which  serves  for  the  cistern  of  Ihe  barometer.  Into 
the  second  compartment  is  plunged  the  tube,  C  D,  which 
has  the  same  diametor  as  A^.  C  D  is  capable,  by  means 
of  a  leaden  tube,  a  h,  of  being  placed  in  communication 
with  the  balloon. 

o 
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147.  When  it  \a  intended  to  ascertain  the  atmospherio 
pressure  by  means  of  this  instrument,  mercury  is  poared 
into  the  cistern  until  it  rises  above  the  level  of  the 
division,  m  n.  The  double-pointed  screw,  Y,  is  then  ad- 
justed,  until  its  lower  end  just  touches  the  surface  of  the 
mercury.  If,  now,  we  measure,  by  means  of  a  cathe- 
tometer,  the  difference  of  level  between  the  surface  of  the 
mercury  in  the  barometer,  and  the  upper  point  of  the 
screw,  and  add  to  this  the  length  of  the  screw  previously 
ascertained,  we  have  the  heignt  of  a  column  of  mercury 
exactly  balancing  the  atmospheric  pressure.  The  tube, 
C  D,  of  the  manometric  apparatus,  is,  as  we  have  said,  to 
be  placed  in  communication  with  the  air-pump  and  the 
balloon,  by  means  of  the  three-way  tube  and  the  leaden 
pipe,  a  6.  The  gas  having  been  removed,  the  cock  com- 
municating with  the  air-pump  is  closed,  and  the  differenoe 
of  level  between  the  two  columns  of  mercury  in  the  tubes, 
AB  and  CD,  is  measured  by  a  cathetometer.  Thia 
difference  is  the  measure  of  the  elastic  force  of  the  gaa 
remaining  in  the  balloon.  A  thermometer,  T,  indicates 
the  temperature  at  the  time  of  the  experiment. 

148.  The  division,  m  n,  in  the  cistern  is  necessary,  in 
order  to  prevent  air  reaching  the  barometer,  in  conse- 

3uence  of  the  great  oscillations  in  the  level  of  the  mercurr 
uring  experiments.  The  balloon,  thus  again  exhausted* 
and  having  the  elasticity  of  its  residual  gas  known,  is  to 
be  closed,  removed,  wiped,  and  weighed  as  before. 

149.  The  difference,  r — p,  between  the  two  weighings, 
represents  the  weight  of  the  gas,  which  at  0°  0.  =  32®  F. 
fills  the  balloon  under  a  pressure  equal  to  the  barometric 
pressure,  H,  observed  at  the  moment  of  closing  the  cock, 
diminished  by  the  elastic  force,  h,  of  the  gas  remaining  in 
the  balloon  after  making  the  exhaustion.  The  weight  of 
the  gas  at  (f  C,  and  under  the  normal  pressure  of  760  m.m. 
(29922  inches),  is  obtained  by  the  formula* — 

160.  Bunsens  method. — The  specific  gravities  of  various 
gases  arc  represented  by  the  weights  which  equal  volumes 
of  these  gases  possess.    As  the  volume  occupied  by  a 

*  From  Greville  WiUiaau'i  «zoeIlent  "  Handbook  of  Chemical  Maaipn- 
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given  weight  of  any  gas  is  dependent  upon  tlie  yariationB 
of  the  force  of  gravity  accompanying  change  of  seogra- 
phical  latitude,  or  elevation  above  the  sea's  level,  all  gases, 
of  which  llie  absolute  volumes  are  required,  must  be 
reduced  to  the  same  latitude  and  elevation  above  the  sea, 
and  to  the  same  barometric  pressure  and  temperature. 

161.  According  to  the  most  accurate  experiments,  for 
which  we  are  indebted  to  the  classical  labours  of  Eeg- 
nault,  one  gramme  of  atmospheric  air  at  the  level  of  the 
sea,  in  the  45th  degree  of  latitude,  at  0°  C,  and  under  a 
pressure  of  (y7&^  of  mercury,  occujjies  a  volume  of 
773-526  cubic  centimetres.  In  the  latitude  52^  36' — as, 
for  instance,  in  Berlin, — a  gramme  of  dry  air  at  0°  C,  and 
under  a  pressure  of  0*76™*,  occupies  exactly  773  cubic 
centimetres. 

152.  The  accuracy  of  gasometric  determinations  is 
seldom  so  great,  that  the  difierences  resulting  from  the 
variation  or  gravitation  extend  beyond  the  limits  of  the 
possible  observational  errors.  Hence,  excepting  in  normal 
determinations,  when  the  greatest  accuracy  is  required, 
the  volume  of  one  gram,  of  dry  at  0^  C,  and  0*76"-  pres- 
sure of  mercury,  may  be  represented  in  our  latitudes  by 
773  cubic  centimetres ;  and  the  specific  gravity  of  a  gas 
may  be  defined  to  be,  the  weight  in  grammes  of  gas  which, 
under  the  same  conditions,  occupies  a  space  of  773  cubie 
centimetres. 

153.  In  cases  in  which  a  normal  determination  is  not 
required,  a  common  light  flask,  ff,  Fig.  17,  is  employed  for 
measuring  the  volume  of  gas  of  which  the  specific 
gravity  is  to  be  estimated. 

The  volume  of  the  flask  should  be  about  200  or  300 
cubic  centimetres,  and  the  neck,  a,  thickened  before  the 
^ass  blow-pipe,  must  be  drawn  out  so  as  to  have  an 
aperture  of  the  thickness  of  a  straw,  into  which  a  glass 
stopper  is  ground  air-tight  by  means  of  emery  and 
turpentine.  Through  this  neck,  which  is  furnished  with 
an  etched  scale  in  millimetres,  mercury  is  poured,  by 
means  of  a  funnel  reaching  to  the  bottom  of  the  flaek,  until 
the  whole  is  filled.  As  soon  as  this  is  accomplished,  the 
flask  is  transferred,  with  its  mouth  downwards,  into  the 
mercury  trough,  A  A,  and  gas  is  allowed  to  enter,  until 
the  level  of  mercury  in  the  neck  of  the  flask  stands  a  few 
miUimelres  higher  than  that  in  the  trough.    In  order  to 
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Kg.  17. 

secure  the  absence  of  all  gaseous  impurities,  this  gas  is 
eyolved  from  as  small  a  vessel  as  possible,  and  allowed  to 
enter  the  flask  tlirough  a  narrow  aelivery  tube,  and  in  the 
moist  state.  The  eas  is  dried  in  the  flask  itself  by  a 
small  piece  of  fused  chloride  of  calcium,  b,  which  had 
previously  been  made  to  crystallize  on  the  side  of  the 
flask  by  bringing  it  in  contact  with  a  single  drop  of  water, 
and  altemately  heating  and  cooling  the  glass.  This 
small  piece  of  chloride  of  calcium  serves  also  to  free  the 
mercury  and  the  sides  of  the  flask  from  its  adhering 
moisture.  In  order  to  be  able  to  close  the  flask  at  any 
time  without  warming  it  with  the  hand,  the  little  lever, 
ef,  is  employed.  On  the  lower  end,  f,  of  this  lever  the 
stopper  is  so  fastened  in  a  cork,  that  it  passes  into  the 
neck  of  the  flask  without  closing  it,  and  the  lever  is  held 
in  its  right  place  by  a  wedge,  d,  pushed  under  the  finger- 
plate, c.  As  soon  as  the  apparatus  has  attained  the 
oonstiEmt  temperature,  t,  at  the  barometric  pressure,  P, 
the  volume,  V,  of  the  gas,  and  the  height,  o,  or  the  column 
of  mercury  rising  above  the  level  of  the  metal  in  the 
trough,  are  observed  with  the  cathetometer  telescope. 
If  the  observed  volume  of  ^s  in  cubio  oentimetra, 
reduced  from  a  table  of  capacity,  be  represented  by  V,, 
this  volume,  at  (f  C,  and  0*76  pressure,  Decomes  in  cubic 
centimetres, — 


BUN8BN  8  METHOD. 


85 


V.=r 


Vi(P-y) 


■0-76  (1  +  000366  0 

164.  It  is  now  only  necessary  to  determine  the  weight, 
G^  of  this  volume,  V^,  This  is  obtained  in  the  following 
manner: — ^The  wedge,  rf,  is  taken  away;  the  flask  is 
thereby  closed,  and  by  withdrawing  the  pin,  c,  it  can  then 
be  remoTed,  together 
with  the  lerer,  c  f, 
from  the  trongh.  Af- 
ter having  been  most 
carefully  freed  from 
aU  adhering  matters, 
and  having  attained 
the  temperature,  /i, 
of  the  balance,  by 
the  nreasure.  Pi,  the 
flask  can  be  weighed. 
Let  G  represent  the 
weight  in  grammes 
thus  found.  The 
glass  stopper  is  now 
removed,  and  re- 
placed W  a  caout-  ^-  ^^• 
choae  tube,  connected  with  a  drying  tube,  h.  Fig.  18. 
The  apparatus  thus  arranged  is  placed  imder  the  receiver 
of  an  air-pump,  and  the  air  so  often  withdrawn  and 
admitted  until  all  the  gas  has  been  replaced  by  dry  air. 
If  this  weight  amounts  to  Gi  grammes,  the  weight,  G-,,  of 
the  volume  of  gas,  Y,,  measured  in  the  flask,  is  equal  to — 

V  P 

G,  =  G - G,  +  773  X  076  X  (1  +  000366"<^)* 

155.  From  this  value,  G,,  the  specific  gravity  is  obtained 
by  the  help  of  the  following  formula  tf— 


S: 


=  773^ 


*  The  memial  specific  graTitj  of  the  gbuw  and  merooiy  on  the  one  hand, 
and  the  metal  weights  on  the  other,  ia  not  considered  in  this  calculation,  as 
the  inaocoraej  thus  introduced  ia  inconsiderable,  in  comparison  to  the 
obaerralional  errors. 

t  From  fiunaen's  **  Gasometrj,"  translated  bj  Bosooe. 
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99.  Calculate  the  weight  of  one  litre  of  dry  air  at 
O^C.  and  76  c.  m.  from  the  following  determination  bj 
Begnatdt: — 

Olohefiill  of  air  9  cmd  surrownded  hy  ice. 
Height  of  barometer  at  the  time  of  closing 

the  stop-cock       -        -        -        -        -    76*119  c.  m. 
Weight  added  to  globe  to  equipoise  it  in 

baXonce 1*487  gram. 

Globe  exhausted  of  air,  and  eurrounded  by  iee. 

Tension  of  air  remaining  in  globe,  as  indi- 
cated bj  the  manometer  at  the  moment 
of  dosing  the  stop-cock        ...      0*843  o.  m. 

Weight  required  for  equipoise         -        -    14*141  gram. 

100.  Calculate  the  weight  of  one  Utre  of  hydrogen  at 
0°  C.  and  76  c.  m.  from  the  following  determinations  of 
Kegnault : — 

Globe  full  of  gas,  and  surrounded  by  ice. 
Height  of  barometer  at  the  time  of  closing 

the  stop-cock    -  -        -        -        -    76*616  c.  m. 

Weight  added  to  globe  to  equipoise  it  in 

balance 13*301  gram. 

Globe  exhausted  of  gas,  and  surrounded  by  ice. 

Tension  of  gas  remaining  in  globe,  as  indi- 
cated by  the  manometer  at  the  moment 
of  closing  the  stop-cock       •        -        -    0*340  c.  m. 

Weight  required  for  equipoise        -        -  14*1786  gr. 

101.  Calculate  the  weight  of  one  litre  of  carbonic  acid 
at  0°  C.  and  76  c.  m.  from  the  following  determinations 
by  Eegnault : — 

Globe  full  ofgcu,  and  surrounded  by  iee. 
Height  of  barometer  at  the  time  of  closing 

the  stop-cock 76*304 

Weight  added  to  globe  to  equipoise  it  in 

balance 0*6336  gr. 
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Globe  exJkoMMted  of  gas,  and  mrrounied  by  toe. 

Tension  of  gas  remaining  in  globe,  as  indi- 
cated by  the  manometer  at  the  moment 
of  closing  tbe  stop- cock        ...      0'167  c.  m. 

Weight  required  for  equipoise         •        -    20*211  gram.  , 

102.  The  following  observations  were  made  in  deter- 
mining the  yapour  density  of  gaseous  bromide  of  methyl 
by  Bunsen's  method.  From  these  data  calculate  the 
specific  grayity  of  the  gas. 

Volume  of  gas 42*19  c.  c. 

Temperature  of  room  ....  le'S"*  0. 

Height  of  barometer    ....  0'7464"' 
Height  of  the  column  of  mercury  aboye 

that  in  the  trough     ....  0*0243"* 
Weight  of  flask  and  gas        -        .        •       7*9466  gram. 
Weight  of  flask  and  air        -        -        -       7*8397    „ 
Temperature  in  balance  case         -        •        6*2°  C. 
Hei^t  of  barometer  at  the  time  of 

weighing 0*7421"* 

103.  The  following  obseryations  were  made  in  deter- 
mining the  density  of  a  gaseous  mixture  by  Bunsen*B 
methc^.    Calculate  the  density  from  these  data. 

Volume  of  gas 211*23  c.  c. 

Temperature  of  room  ....      6*2°  C. 
Height  of  barometer    ....      0*7609** 
Height  of  the  column  of  mercury  above 

that  in  trough 0'0194"»- 

Weight  of  flask  and  gas       -        -        -  64*6213  gram. 

Weight  of  flask  and  air        -        -        -  64*4838     „ 
Temperature  in  balance  case         .        >      7*9°  C. 
Height  of  barometer  at  the  time  of 

weighing 0*7609"* 

104.  The  following  observations  were  made  in  deter- 
mining the  density  of  a  gas  by  Bunsen's  method.  Calcu- 
late firom  these  data  the  density  of  the  gas.     * 

Volume  of  gas 2102  c.  c. 

Temperature  of  room  -  -  -  19*7°  C. 
Height  of  barometer  .  -  -  -  0*748"'* 
Height   of  the   column  of   mercury 

above  that  in  the  trough  -        -      0*0172"*' 
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Weight  of  flaflk  fiUed  with  gas    -        -      53*691    gram. 
Weight  of  flask  filled  with  air    -        •      63-5775      ,,     ' 
Temperature  in  halanoe  case       -        -      20*5*'  C. 
Height  of  barometer  at  the  time  of 
weighing 0-748"' 

156.  Gaseous  Analtsis. -- We  shall  conclude  this 
chapter  on  volame  combinations,  by  briefly  describing 
the  method  by  which  the  volume  of  each  gas  is  deter- 
mined in  a  gaseous  mixture.  The  volumes  of  the  sepa- 
rate constituents  of  a  gaseous  mixture  can  be  ascertained, 
either  bjr  absorbing  them  by  means  of  substances  with 
which  they  combine  or  in  which  they  dissolve,  or  by 
exploding  those  which  are  combustible  with  oxygen ;  by 
the  absorptive  plan  the  determinations  are  direct,  by  the 
other  the  gases  are  determined  indirectly. 

157.  The  following  are  some  of  the  gases  which  admit 
of  direct  determination : — 

Carbonic  acid.         I         Olefiant  gas. 
Ox3'gen.  |         Carbonic  oxide. 

158.  The  following  are  tbe  most  important  gases  which 
are  usually  determined  by  the  indirect  method : — 

Hydrogen. 

Light  carboretted  hydrogen. 

Carbonic  oxide. 

159.  Nitrogen  is  neither  absorbed  nor  does  it  undergo 
any  alteration  by  the  explosion,  if  the  necessary  pre- 
cautions are  taken ;  its  quantity  is  therefore  determined 
by  measure  after  all  the  gases  wnieh  admit  of  absorption 
lakre  been  removed,  and  also  all  the  combustible  gases,  and 
the  products  which  they  yield  by  explosion. 

160.  The  absorption  materials  were  formerly  used  in 
the  fluid  state  in  gas  analysis ;  the  fluid  form  gave  rise  to 
such  unconquerable  errors,  that  Bunsen,  by  the  substi- 
tution of  substances  in  the  dry  state,  has  rendered  this 
branch  of  analytical  science  tne  most  exact;  the  solid 
substances  are  introduced  in  the  form  of  little  pistol 
bullets. 

161.  In  all  estimations  of  gases,  it  is  necessary  either 
always  to  operate  with  them  perfectly  dry  or  thoroughly 
saturated  with  moisture;  in  order  to  avoid  all  uncer- 
tainty and  to  save  time,  the  original  gaseous  mixture 
is  thoroughly  saturated  with  water  by  introducing  a 
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drop  of  water  into  the  endiometer  before  filling  it  with 
the  gas,  and  in  this  saturated  state  the  gas  is  mst  mea- 
sored.  It  is  necessary,  in  determining  the  yolume  of  the 
gas,  not  only  to  observe  the  rolome  the  gas  occupies,  but 
also  the  height  of  the  mercury  in  the  eudiometer  above 
that  in  the  trough ;  it  is  necessary  also,  in  each  determi- 
nation of  the  volume,  to  observe  the  pressure  and  the 
temperature, — ^the  barometer  and  thermometer  must  be 
placed  in  close  proximity  to  the  eudiometer;  the  observed  , 
Toliimes  have  to  be  corrected  for  temperature  and  pres- 
sure, and  also  for  the  tension  of  aqueous  vapour,  when 
the  gas  is  measured  moist^  gi^ii^g  the  corrected  volumes 
at  the  normal  temperature  and  pressure. 

162.  The  room  m  which  gas  analyses  are  made  ought 
to  be  exclusively  devoted  to  that  purpose ;  it  ought  to  be 
eool,  and  not  liable  to  any  sudden  changes  of  tempera- 
ture. If  the  analyst  does  not  use  a  telescope  in  reading 
off  the  volames,  he  ought,  when  he  approaches  the  eudio- 
meter for  this  purpose,  to  do  it  as  quickly  as  possible,  as 
the  heat  evolved  from  the  operator  s  body  will  speedily 
augment  the  volum'e  of  the  gas.  After  removing  any  of 
the  absorbing  substances,  or  after  an  explosion,  time  must 
be  allowed  for  the  gas  to  return  to  the  temperature  of  the 
room  before  the  vmume  is  determined.* 

163.  Carbonic  acid  is  absorbed  by  means  of  a  little 
bullet  of  caustic  potash,  which  deprives  the  gas  both  of 
its  carbonic  acid  and  aqueous  vapour.  Olefiant  gas  f  is 
absorbed  by  saturating  a  coke  bullet  with  a  mixture  of 
anhydrous  and  monohydrated  sulphuric  acid ;  when  the 
ccke  bullet  is  removed,  it  is  necessary  to  introdace  a 
ballet  of  potash  to  absorb  the  yapour  of  sulphurous  acid 
and  of  anhydrous  sulphuric  acid,  before  the  volume  of  the 
gas  can  bne  determined.    Oxygen  X  is  absorbed  either 

*  Meesn.  FrftnkLuid  and  W«rd  have  inyenied  »  besatiftil  «pparatas  for 

SKiufysu,  in  which  the  detenniiiAtioiu  are  made  entirely  independent  of 
pressure  aad  tempemtnre  of  the  external  atmosphere,  and  the  numwieal 
•mreaakm  of  eachTOlame  actual^  read  off  is  either  the  tme  and  oorreotad 
Torame,  or  a  number  from  whioh  such  volume  can  be  at  once  obtained  by 
the  moat  simple  aiitimketioal  prooess.  For  a  description  of  this  apparatos 
sad  mode  of  using  it,  the  stadent  is  referred  to  the  6th  Tolnme  of  the 
*'  Qnarterhr  Joomal  of  the  Chemical  Society  of  London,"  or  to  ILnights' 
**  KnjEiiah  0^clop«dia,"  diviKm  *'  Arts  and  Sciences,"  vol.  iv. 
t  Oieilaat  gas  oaa  be  still  more  exactly  determined  by  eombnation  with 

I  OiTgen  when  present  alone,  or  when  mixed  with  nitrogen,  is  best  deter- 
wattd  by  exploBum  with  excess  of  hydrogen. 
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by  a  bullet  of  pbosphorus,  or  a  bullet  of  papier  mach^ 
tatorated  with  a  concentrated  solution  of  pyrogallate  of 
potash.  Whibhever  of  the  two  absorptiye  materials  is 
used,  it  is  necessary  after  its  removal  to  introduce  a 
buUet  of  potash,  before  the  volume  of  the  gas  can  be 
determined.  Carbonic  oxide  is  most  usually  and  more 
accurately  determined  by  the  indirect  method;  when 
it  is  desirable  to  determine  it  by  the  direct  method, 
it  is  absorbed  by  introducing  a  bullet  of  papier  mach^ 
saturated  with  a  concentrated  solution  of  subchloride  of 
copper.  After  the  removal  of  this  bullet,  a  caustic  potash 
one  has  to  be  introduced,  to  free  the  gas  from  the  vapour 
of  hydrochloric  acid,  before  the  volume  of  the  gas  can  be 
determined.  By  the  methods  just  described,  the  carbonic 
acid,  oxygen,  and  defiant  gas  were  determined  in  the  fol- 
lowing exercises ;  in  order  to  arrive  at  the  quantities  of 
each  of  the  gases  at  the  normal  temperature  and  pres- 
sure, the  student  will  simply  have  to  correct  the  different 
volumes  for  temjperature  and  pressure,  and  also,  when  the 

Sa  was  moist,  lor  the  tension  of  aqueous  vapour,  giving 
e  corrected  volume  at  (f  C.  and  1  metre  pressure. 
164.  The  determinations  of  the  ^ases  by  the  indirect 
method  cannot  well  be  conducted  m  the  eudiometer  in 
which  the  absorptions  have  been  made,  a  portion,  there- 
fore, of  the  gaseous  mixture,  after  the  absorption  of  the 
absorbable  ^ases,  is  transferred  to  another  and  somewhat 
longer  eudiometer.  After  the  volume  of  the  gas  in  the 
long  eudiometer  has  been  carefully  determined*  it  is 
mixed  with  at  least  twice  its  bulk  of  oxygen ;  after  mea^ 
suring  the  volume  after  the  addition  of  oxygen,  tiie  gas  is 
exploded  by  means  of  the  electric  spark.  After  the  gas 
has  cooled  to  the  temperature  of  the  room  its  volume  is 
determined;  the  carbonic  acid  which  has  been  formed 
by  the  explosion  is  then  absorbed  by  a  bullet  of  potash ; 
and  the  volume,  after  the  removal  of  the  bullet,  again 
determined.  It  is  now  necessary  to  ascertain  how  much 
oxygen  gas  still  remains  in  the  eudiometer  after  the 
explosion.  For  this  purpose  some  pure  hydrogen  is  con- 
ducted into  the  eudiometer,  and  after  the  volume  of  the 
hydrogen  has  been  determined,  the  mixture  is  exploded 
by  the  electric  spark.  One-third  of  the  volume  of  the 
gas  which  has  disappeared  is  oxygen.  The  residual  gaa, 
still  saturated  with  water,  can  now  only  contain  nitrogen 
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and  the  excesa  of  hydrogen,  and  b^  deducting  the  known 
amount  of  the  latter,  we  determine  the  proportion  of 
nitrogen  present. 

105.  "To  determine  the  amount  of  carbonic  oxide, 
hydrogen,  and  light  carbnretted  hydrogen,  we  employ 
m  calculation  the  three  quantities  following,  from  the 
analysis : — 

"  1.  The  quantity  of  combustible  gases  which  is  obtained 
by  subtracting  the  amount  of  nitrogen  contained  in  the 
gaseous  mixture  in  the  large  eudiometer. 

*'  2.  The  quantity  of  oxygen  consumed  in  the  oxidation 
of  the  combustible  gases.  This  we  obtain  by  subtract- 
ing Ihe  excess  of  oxygen,  as  ascertained  by  explosion  with 
hydrogen,  from  the  amount  originally  added. 

*'3.  The  quantity  of  carbonic  acid  formed  by  the  com- 
bustion. 

166.  "  The  calculation  depends  upon  the  fact  that  hy- 
drogen consumes  half  its  own  volume  of  oxygen,  and 
generates  no  carbonic  acid ;  light  carbnretted  hydrogen 
consumes  twice  its  Tolume  of  oxygen,  and  generates  its 
own  Tolnme  of  carbonic  acid ;  whilst  carbonic  oxide  con- 
sumes half  its  Yolame  of  oxygen,  and  generates  its  own 
▼olume  of  carbonic  acid. 

167.  **  If  we  represent — 

The  Yolume  of  the  combustible  gases  present  by    A 
The  Tolume  of  oxygen  consumed  by  -        -     B 

Hie  Yolume  of  carbonic  acid  generated  by  the 

explosion  by C 

And  if  we  represent  the  unknown  quantities  of  hydro- 
gen, light  carbnretted  hydrogen,  and  carbonic  oxide,  by 
'f  y»  '>  ve  obtain  the  following  eqnations  :— 

«  -hy  -h  z  =  A 
ia:-|-25f-|-iic  =  B 

"  From  these  are  deduced  the  following  values  for  the 
unknown  quantities,  x,  y,  z :" — • 

•  Dr.  Flmjfiur  **  On  the  Omm  erolyed  during  the  Formation  of  Coal." 
The  stodent  will  find  in  this  paper  a  Tery  dear  account  of  the  mode  of  |)ro< 
eeeding  lo  be  adopted  in  the  analysis  of  coal  gas,  and  gases  of  a  similar 
eonpoaitioa.  The  pi^er  is  printed  in  Vol.  1.  of  the  *'  Memoirs  of  the 
Geotogloal  Surrey." 

The  most  complete  work  on  gas  analysis  is  Bunsen's  "Gasometry," 
iraaslated  by  Bo«ooe. 

We  h«v«  already  refeired  the  student  to  Franldand  and  Ward's  method. 
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=  A«-C        i,^ 


2B  — A 


,=c-(n=J.) 


3  \        3 

168.  If  on  the  application  of  these  formula  to  the 
results  of  an  analysis,  the  ralue  of  any  letter  be  either  a 
small  negative  quantity  or  =  0,  it  follows  that  the  gas 
denoted  by  the  letter  is  not  present  in  the  mixture. 

169.  In  the  following  exercises  the  student  must  cor- 
rect the  volumes  for  temperature,  pressure,  and  also  fof 
tension  of  aqueous  vapour  when  tne  gas  is  moist,  giving 
the  correctea  volume  at  0®  C.  and  1  metre  pressure ;  he 
must  give  the  proportion  of  the  different  gases  in  the 
quantity  of  the  g^eous  mixture  used,  and  li^tly  the  per- 
centage composition  of  the  gaseous  mixture. 

EXEBCISKS. 

105.  The  following  observations  were  made  in  analyzing 
a  coal  gas  : — 


Height  of 

Volume. 

Te^p. 

PreMore. 

neroury 
ftbovethat 
in  trough. 

Gas  used  (moist)   - 

132-6 

16-4^ 

766  3-^-^ 

71-8— • 

After      absorption 

of  carbonic  acid 

(dry)    -    -    -    - 

127-7 

16-4 

7561 

77-2 

After  absorption  of 

defiant  gas  (dry) 

121-3 

16-3 

756-0 

83-6 

After  absorption  of 
oxygen  (dry).    - 

1181 

16-3 

756-0 

80-9 

Gas  used  (moist)   - 

U9-6 

160 

756-1 

423-6 

After   addition    of 

oxygen  (moist)  - 

280-1 

16-2 

756-2 

311-7 

After     combustion 

(moist)      -    -    - 

205-7 

16-1 

756-2 

3671 

After      absorption 

of  carbonic  acid 

(dry)    -    :    -    . 

163-6 

161 

756-4 

409-4 

After    addition  of 

hydrogen  (dry)  - 

328-7 

160 

756-5 

242-9 

After    combustion 

(moist)-    -    -    - 

136-3 

160 

756-5 

436-7 

XXEBCI8B8. 
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106.  The  following  obBeirationB  were  made  In  analyzing 
a  gas  collected  from  a  coal  mine : — 


Height  of 

Volume. 

T«.p. 

PT688tXr6. 

mercuiT 
•boTe  that 
in  trough. 

GraB  used  (moist)   • 

1121 

15-6° 

749-9»* 

67-9--»- 

After      absorption 

of  carbonic  acid 

(dry)    ...    - 

1080 

15-5 

749-3 

72-8 

After  absorption  of 
oxygen  (dry)      - 

130*4 

16-1 

748-9 

Gas  nsed  (moist)   - 

276-9 

After    addition   of 

oxygen  (moist)  - 

317-8 

161 

748-9 

91-5 

After    combustion 

(moist)      -    -    - 

194-9 

160 

748-7 

212-5 

After      absorption 

of  carbonic  acid 

(dry)    ...    - 

110-6 

13-5 

746-7 

296-5 

After    addition  of 

hydrogen  (dry)  - 

294-4 

13-5 

745-8 

114-2 

After    combastion 

(moist)      -    -    - 

134-3 

13-6 

746-7 

272-7 

107.  The  following  observations  were  made  in  analyzing 
a  gas  collected  from  a  coal  mine  t — 


Yoliuae. 

Temp. 
C. 

Pre«nre. 

Height  of 
column  of 
mercury 
above  that 
in  trough. 

Gas  used  (moist)   • 

After     :abeorption 

of  carbonic  acid 

(dry)    .... 

After  absorotion  of 

oxygen  (dry)     - 

114-0 

111-4 
97-5 
78-6 

166-3 

160° 

168 
155 
15-4 
15-3 

761-4"-"- 

760-6 
749-9 
750-6 
7510 

72.im.,». 

74-7 
^9-8 

Gas  used  (moist)   - 

After    addition   of 

oxygen  (moist)  - 

2261 
148-1 

94 
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HeiKhC  or 
ooluma  of 

Volume. 

Temp. 
C. 

PreMore. 

meroorj 

aboTe  that 

iatroQfdu 

Aflber     combustion 

(moist)      -    -    - 

1300 

16-6° 

75IO"-"- 

174-7--- 

After      absorption 

of  carbonic  acid 

(dry)    .    -    .    - 

113-9 

16-3 

761-2 

191-0 

After    addition   of 

bydrofijen  (dry)  - 

2732 

14-6 

752-3 

32-2 

After    combustion 

(moist)      -    -    - 

163*8 

14-4 

7523 

140-7 

108.  Describe  a  method  of  analyzing  a  mixture  of 
hydrogen,  nitrogen,  and  carbonic  acid. 

109.  Describe  a  method  of  analyzing  a  mixture  of 
oxygen,  nitrogen,  and  carbonic  acid. 

170.  Before  we  close  this  chapter  we  must  make  a  few 
additional  remarks  upon  the  use  of  vapour  densities. 
Although  a  knowledge  of  the  vapour  density  of  a  sub- 
stance does  not  enable  one  to  establish  the  rational  formula 
of  the  body,  yet  if  we  can  infer  from  analogy  a  certain 
ratio  of  condensation,  we  may  make  use  of  it  in  this  way. 
All  known  hydro-carbons  exhibit  a  condensation  to  four 
volumes.*  All  hydro-carbons  which  may  hereafter  be 
discovered  will,  therefore,  have  that  formula  assigned  to 
them  which  gives  for  their  atomic  volume  a  condensa- 
tion of  four  volumes,  unless  they  should  possess  some 
marked  characteristics  which  render  it  probable  that 
they  deviate  from  this  rule.  Example. — When  Sir  Eobert 
Kane  discovered  mesitilol  he  was  led,  from  its  origin  and 
other  circumstances,  to  represent  it  by  the  formula  C«  H^; 
but  as  this  only  corresponded  to  one  volume,  the  formula 
C|,  H|,  was  afterwards  assigned  it,  on  account  of  its  vapoqr 
density ,  boiling-point,  and  other  circumstances.  As  nearly 
aU  known  organic  bodies  exhibit  a  condensation  to  four 
volumes,  it  is  usual  to  assign  to  bodies  the  formula  which 


*  Hera  tbe  Tolame  of  the  atom  of  the  organic  compound  in  the  gaaeooa 
•tate  ia  compared  with  the  Tolome  of  one  atom  of  oxygen. 
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^▼es  for  tHe  atomic  volame  a  condensation  to  four  vol  antes, 
if  this  formula  is  justified  by  all  the  other  circnmstanceis. 
The  original  formula  for  acetone,  as  resulting  from  Domas' 
and  Liebig's  analyses,  was  C,  H,  O,  representing  an  equiva- 
lent of  an  acetate,  minus  an  equivalent  of  a  carbonate ;  a 
formula  which,  subsequently,  when  Dumas  determined 
the  density  of  the  vapour  of  this  liquid,  was  doubled,  on 
tiie  supposition  that  its  equivalent  corresponded  to  four 
volumes  of  vapour.  The  equivalent  of  any  organic  sub- 
stance (corresponding  to  four  volumes),  multiplied  by 
'0346,  or  half  the  density  of  hydrogen,  H  =  1,  gives  its 
vapour  density.* 

171.  As  silicic  acid  gives  a  very  small  number  of  definite 
oombinations  it  is  very  difficult  to  fix  the  equivalent  of 
silicon.  Some  chemists  assign  to  silicic  acid  the  formula 
Si  O,  others  regard  it  as  Si  O, ,  and  others  attain  as  Si  O, ; 
if  Si  O,  is  accepted,  the  chloride  of  silicon.  Si  CI3,  and  the 
fluoride  of  sihcon,  SiF^,  and  silicic  ether,  give  three 
volumes  of  vapour ;  now,  it  is  doubted  whether  the  pro- 
portions of  three  volumes  and  six  volumes  exist  at  all,  or 
that  the  vaporous  molecule  of  compound  bodies  is  ever 
divisible  except  by  2,  4,  or  8.  From  this  circumstance, 
and  the  analogy  which  subsists  between  silicic  acid  and 
titanic  acid  and  binoxide  of  tin,  the  formula  SiO,  is 
adopted  by  many  chemists,  and,  in  consequence,  the 
chloride.  Si  CI,,  and  the  fluoride.  Si  F,,  and  silicic  ether 
possess,  in  the  state  of  vapour,  a  molecule  divisible  by  2. 

172.  "  Vapour  densities  may,  at  times,  be  made  use  of 
in  research,  as  a  means  of  ascertaining  the  nature  of 
substances,  where,  from  the  small  variation  in  their  per- 
centage composition,  ultimate  analysis  becomes  an  unsafe 
guide.  In  examining  the  fluids  produced  by  distillation 
of  the  Torbane-faiU  mineral,  I  obtained  a  series  of  homo- 
logous hydro-carbons,  which  only  varied  in  composition  as 
the  boiling-point  rose,  by  very  small  amounts,— so  small 
indeed,  that,  notwithstanding  the  extreme  care  with  which 
the  analyses  were  made,  it  would  have  been  unsafe  to 
draw  any  conclusion  as  to  the  fractions  to  be  selected 
OS  expressing  the  correct  boiling-point  from  them  alone ; 
but,  on  the  other  hand,  the  densities  of  the  vapours 

*  Aooording  to  Oerhardt'a  notati<m  the  atomio  Tolume  of  compounds  ia 
the  gaceoiu  itata  ia  two  voluaes.    ^Consult  par.  116.) 
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varied  considerably  with  the  different  homologues,  and  by 
taking  advantage  of  itna  fact  I  was  enabled  with  perfect 
safety  to  pronounce  not  only  on  the  formula  of  the 
substances,  but  also  on  their  boiling-point. 

173.  *'  The  vapour  density  not  only  enables  us,  wiUi 
non-metaUic  elements,  to  pronounce  upon  the  atomic 
weight,  but  also,  taken  in  conjunction  with  the  analysis  of 
a  com}>ound  with  silver,  upon  the  class  of  bodies  among 
which  it  is  to  be  grouped. 

174.  ''For  the  purpose  of  determining  the  atomic 
weight  of  a  substance,  it  is  very  desirable  to  obtain  at  least 
one  compound  that  consists  of  one  atom  of  each  of  its 
constituents,  l^ow,  it  is  possible  to  obtain  silver-salts  of 
most  of  the  non-metallic  elements,  in  which  we  are  sure  of 
the  constitution  being  of  the  kind  required.  If»  therefore, 
we  analyse  a  salt  of  this  description,  we  at  once  possess 
the  data  for  determining  its  atomic  weight.  Let  us  sup- 
pose that  a  silver-salt  has  yielded 

5404  non-metallic  element 
46-96  silver 


10000 
We  say— 

▲t.wt.]iq.  aiatdHc  element. 
45-96  :  6404  ::  108  :  126-98 
175.  "  Now,  on  determining  the  density  of  its  vapour, 
the  non-metaUic  element  gave  8*716 ;  how  are  we  to  know 
to  what  class  of  bodies  it  belongs  P  A  very  little  reflection 
will  show,  that  as  hydrogen  is  received  as  unity  for  atomic 
weights,  if  we  received  it  also  as  uniW  for  gaseous  and 
vapour  densities,  the  atomic  weights  of  bodies  of  the  same 
vapour  volume  would  be  expressed  by  their  vapour  density. 
It  IS  obvious,  then,  that  if  a  substance  possesses  the  same 
vapour  volume  as  hydrogen,  its  atomic  weight  will  be 
obtained  by  dividing  its  vapour  density  by  the  density  of 
hvdrogen.  If,  therefore,  the  number  obtamed  bv  dividiiig 
the  vapour  density  of  a  non-metallic  element  by  the  density 
of  hydrogen  is  identical  with  the  number  obtained  by 
analysis  of  the  silver-salt,  it  will  be  certain  that  the 
substance  under  examination  possesses  tlie  same  vapour 
volume  as  hydrogen,  nitrogen,  chlorine,  &c.  Let  us  try 
this  in  the  present  instance.    The  vapour  density  was,  as 
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we  have  said,  8*716,  and  if  we  divide  this  by  0*0692,  we 
obtain  125*95  aa  ^e  result,  which,  although  differing 
somewhat  firom  126*98,  obtained  as  the  atomic  weight 
bj  analjBing  the  ailrer-salt,  is  still  quite  a  suificient 
approximation  to  indicate  that  the  body  we  have  examined 
has  a  yanour  Tolume  the  same  as  hydrogen.  The  body  we 
have  selected  as  an  illustration  is,  as  the  student  has 
probably  perceiyed,  iodine.  If,  on  the  other  hand,  it  was 
necessary  to  divide  the  vapour-density  by  twice  tiie  den- 
mtj  of  hydrogen,  to  obtam  the  atomic  weight,  we  may 
in&r  with  safety  that  the  vapour  volume  is  that  possessed 
by  oxygen  and  elements  of  the  same  class."— >6^0vt729 
WUUaau. 
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TieiM  kitherio  held  on  the  cOTutitufion  of  the  elemental 
bodies,  176.  Mr,  Brodie'e  views,  177.  An  even  number  of 
atoms  of  an  element  required  in  many  chemical  combina- 
Hons,  186.  Synthesis  qf  particles  of  the  san^e  element  in 
oppoeite  polar  conditions,  187.  I^  molecular  and  elemen-- 
Uury  atoms  possess  different  properties,  191.  Allotropic 
modifications  of  the  elements,  192.  JBrodie's  views  upon 
{sUoiropism,  192.  Nascent  state  of  the  elements,  195.  Ozone 
and  its  formation,  196.  The  existence  of  molecular  atoms 
<f1ke  eompotmd  radicals,  197. 

176.  Chemists  have  hitherto  considered  that  chemical 
eombination  takes  place  only  between  unlike  particles; 
that  particles  of  the  same  nature  are  not  influenced 
by  the  chemical,  but  only  by  the  cohesive  force.  Accord- 
ing to  this  view,  no  comoination  exists  between  the  atoms 
M^like  bodies;  they  exist  singly  or  detached.  When, 
tiierefore,  an  element  is  liberated  in  the  decomposition  of 
compound  bodies,  its  atoms  are  not  supposed  to  enter  into 
eombination ;  and  when  an  element  enters  into  combina- 
tion with  other  bodies,  no  decomposition  of  its  molecules 
ia  supposed  to  take  place. 

*  The  RMlleflt  qmuitity  of  an  element  whiek  it  tappoeed  to  be  oapeble  of 
ezbtingmtliefreeBtote.    (Bee  par.  ISO.) 
H 
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177.  Mr.  Brodie,  although  not  the  first  to  qnestion  this 
view  of  the  constitution  of  elementary  bodies,  was  the  first 
to  establish,  that  at  the  moment  of  chemical  change  a 
chemical  difference  exists  between  the  particles  of  wnich 
certain  elemental  bodies  consist,  perfectly  the  same  in  kind 
as  that  which  exists  between  the  particles  of  compound 
substances  under  similar  circumstances,  and  on  which  the 
phenomena  of  combination  and  decomposition  depend. 

178.  The  proof,  Mr.  Brodie  states,  of  the  compound 
nature  of  a  ^emical  substance  is  of  a  very  simple  kind. 
It  lies  in  t^e  fact,  that  it  has  been  made  by  the  combina- 
tion of  certain  parts,  or  broken  up  into  those  parts,  or  at 
least  in  some  phenomena  which  are  supposed  to  be 
evidence  of  this.  Indeed,  the  rational  formula  of  a  chemi- 
cal substance  is  but  a  memorandum  of  its  re-actions,  and 
a  particular  mode  of  expressing  the  law  of  the  synUiesis 
and  uialysis  of  the  body,  apart  from  which  it  nas  bat 
little  meaning.  The  true  nature,  therefore,  and  chemical 
formula  of  the  elemental  bodies,  as  of  all  other  substances, 
is  to  be  discovered  by  the  study  of  the  series  of  chemical 
changes  in  which  they  are  formed,  and  by  the  phenomena 
which  they  mresent  when  they  pass  into  the  combined 
condition.  There  are  even  well-known  facts  of  great 
importance  in  this  point  of  view,  some  unexplained,  and 
some,  I  conceive,  misinterpreted. 

179.  "  The  point  which  I  shall  seek  to  establish  is  this, 
-—that,  at  the  moment  of  chemical  change,  a  chemical 
difference  exists  between  the  particles  of  which  certain 
elemental  bodies  consist,  perfectljr  the  same  in  kind  to 
that  which  exists  between  the  particles  of  compound  sub- 
stances under  similar  circumstances,  and  on  which  the 
phenomena  of  combination  and  decomposition  depend. 
That  a  peculiar  chemical  relation  exists  between  two  par- 
ticles wnich  combine,  is  generaUy  admitted  and  expressed 
by  the  term  affinity.  The  electro-chemical  theory  has 
defined  more  exactly  in  what  this  affinity  consists,  and  states 
that  the  two  particles  are  to  one  another  in  a  positive  and 
negative  electric  relation.*  But  I  do  not  know  that  it  has 
ever  been  pointed  out  that  this  chemical  relation — ^this 


*  After  the  student  has  become  tiioTOOffhly  oonyenant  with  this  chapter, 
he  ouKht  to  study  Oxe  section  on  ChemiwuPoUrity  in  Graham's  "  Slementa 
of  Chemistiy,"  rok.  L,  2Qd  edit. 
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affinity  between  the  particles  of  a  snbstance— is  an  essential 
condition  of  the  decomposition  as  well  as  of  the  composi- 
tion of  the  body.  As  I  am  about  to  infer  a  chemical 
difference  between  the  particles  of  the  element  from  the 
fact  of  their  chemical  separation,  I  must  say  a  few  words 
upon  this  point,  and  I  shall  simplify  the  whole  question  by 
stating  briefly  the  mode  in  which  I  consider  chemical 
change  to  be  effected.  I  may  do  this  sufficiently  for  my 
presentpurpose  in  the  following  propositions : — 

"1.  That  when  two  particles  chemically  combine,  a 
certain  chemical  relation  exists  between  them,  which 
is  expressed  by  the  terms  poHtive  and  neaative.  The 
chemical  difference  of  the  particles  I  term  tne  difference 
between  their  conditions  in  this  respect. 

"  2.  That  when  chemical  combination  takes  place  be* 
tween  the  particles  of  which  any  two  or  more  substances 
consist,  a  cnemical  difference  exists  between  the  particles  of 
each  sabstance,  so  that  the  particles  of  the  same  substance 
are  to  one  another  in  a  positive  and  negative  relation. 

"  3.  That  the  chemical  relation  between  any  two  par- 
ticles of  these  substances  is  determined  by  the  chemical 
relation  of  aU  the  other  particles  with  which  they  are  for 
the  time  being  associated.  Substances,  the  particles  of 
which  are  to  one  another  in  this  peculiar  chemical  relation, 
I  term  chemically  polar. 

180.  "  Silver  cannot  be  oxidized  by  the  direct  action  of 
oxyeen  on  the  metal,  but  oxide  of  silver  is  readily  formed 
by  Boiling  the  chloride  of  this  metal  with  potash.  The 
particles  of  oxygen -and  silver  have,  therefore,  acquired  by 
this  association  with  the  chlorine  and  potassium  a  chemical 
relation  or  affinity,  which  at  other  times  they  have  not. 
This  is  the  fact.  The  rational  conception  of  the  fact 
is  given  in  the  expression, — 

+  —  -h  — 

AgClK  0  =  AgO-|-K:Cl, 

in  which  I  have  indicated  the  polar  relation  of  the  sub- 
stances. The  chemical  relation,  therefore,  between  the 
oxygen  and  silver  is  essentially  dependent  on  the  chemical 
reuition  between  the  oxygen  and  potassium,  in  the  same 
way  as  a  negative  and  positive  electricity  are  related  to 
eadi  other.  The  same  is  true  of  the  relation  between 
any  other  two  particles  of  the  system.    Hence  chemical 
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decompoBitioiL  is  an  essentiAl  condition  of  chemical  com- ' 
bination ;  so  that  when  we  see  one  of  these  events  we  may 
infer  the  other. 

181.  "  On  the  other  hand,  where  this  polar  division  of 
the  substance  cannot  take  place,  there  is  no  chemical 
action,  or,  at  any  rate,  it  takes  place  with  ^ater  difficulty : 
thus,  anhydrous  sulphuric  acid  may  be  distilled  off  carl>o- 
nate  of  potash  without  alteration ;  and  generally,  the  so- 
called  anhydrous  acids  hare  none  of  the  combininff  pro- 
perties of  the  hydrates  to  which  they  correspond ;  the 
reason  of  this  bemg,  that  when  these  bodies  combine  they 
do  not  decompose,  and  that  it  is  by  the  very  fact  alone  of 
the  decomposition  of  the  substance,  that  the  combining 
power  is  deyeloped  in  the  partides  of  which  they  consist* 
so  that  in  the  chemical  change  which  is  thus  represented^ — 

Hso,  b:o=ho  +  8o,k:, 

the  two  combinations  which  tske  place  are  not  two  com- 
binations accidentally  simultaneous,  but  correlative  and 
mutually  dependent  phenomena,  which  we  cannot  separate. 

182.  "  In  the  case  of  double  decomposition,  each  of  the 
four  substances  which  enter  into  the  (mange  is  combined  ; 
but  it  does  not  appear  that  this  state  of  combination  is 
necessary  to  the  action.  It  can  take  place,  also,  and  in 
the  same  manner,  when  the  combining  substances  are 
only  in  contact  with  each  other,  and  not  in  combination, 
provided  always  that  there  is  the  right  chemical  difference 
between  them,  which,  however,  is  essential.  Thus,  for 
example,  when  iodine  and  phosphorus  decompose  water 
(in  the  usual  mode  of  the  formation  of  hydriodic  acid),  tJie 
chemical  relation  between  the  iodine  and  phosphorus  ia 
an  essential  condition  of  the  action.  The  same  remark 
applies  to  the  decomposition  of  water  between  nitric  oxide 
and  chlorine,  which  can  be  effected  by  neither  body 
separately ;  so  that  the  changes  which  take  place  in  these 
experiments  are  not  simply  due  to  the  fact  that  the  chlorine 
or  iodine  stand  in  one  relation  to  water,  or  to  the  elements 
of  water,  and  the  nitric  oxide  or  phosphorus  in  another, 
and  that  thus  the  water  breaks  up,  bemg  acted  upon  by 
two  opposite  forces ;  but  that  there  is  also,  and  must  be, 
a  certain  chemical  difference  between  the  chlorine  and 
niteic  oxide,  and  between  the  iodine  and  phosphoma,  which 
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IB  88  essdntial  and  important  a  condition  to  the  propa- 
gation of  the  action,  as  their  relation  to  the  water  itself, 
and  indeed,  without  which,  they  could  not  have  this 
relation.  I  am  not  aware  this  remark  has  before  been 
made,  nor  do  I  think  it  likely  that  it  should  have  been 
made,  but  upon  the  view  which  I  hare  given,  of  which  it 
18  a  consequence. 

183.  "^acts  corresponding  to  these  eases  of  compo- 
sition are  to  be  observed,  as  mififht  be  expected,  in  the 
decomposition  of  bodies ;  for  if  decomposition  be  the 
condition  of  combination,  so,  of  course,  must  combination 
be  the  condition  of  decomposition. 

184.  "  On  the  view  whicn  I  have  here  given  of  the  nature 
of  chemical  change,  the  very  existence  of  the  elemental 
bodies  was  a  strange  and  miaccountable  anomaly.  I  have 
regarded  the  molecular  structure  of  bodies  but  as  an 
expression  of  the  law  of  their  synthesis  and  analysis,  and 
this  law  agam  as  a  result  of  the  peculiar  nature  of 
chemical  force.  It  was,  therefore,  truly  difficult  to  con- 
ceive how  an  element,  in  the  sense  of  Berzelius,*  was 
formed.  The  formation  of  this  '  uncombined  particle'  was 
a  fact  quite  different  to  the  formation  of  a  compound 
substance,  and  yet  it  seemed  as  unreasonable  to  suppose 
that  the  laws  of  chemical  action  should  vary  in  different 
materials,  as  that  the  laws  of  motion  should  be  different  in 
different  bodies.  I  therefore  considered  attentively,  what 
we  really  knew  of  the  laws  of  chemical  change  in  these 
bodies.  Examples  occurred  to  me,  both  of  the  chemical 
division  and  chemical  synthesis  of  the  elements,  by  which 
various  phenomena,  hitherto  obscure,  might  be  explained. 
The  experiments  of  the  first  class  prove  that  a  division 
of  the  elemental  bodies,  which  is  known  to  occur  in  certain 
cases  of  chemical  change,  is  truly  a  chemical  and  not 
simply  a  mechanical  division  of  these  substances.  This  is 
shown  by  the  fact  that  the  particles  of  the  element  thus 
separated  show  the  peculiar  combining  properties  of 
'nascent  bodies.'  It  is  not  necessary  to  my  argument 
that  the  precise  view  which  I  have  g[iven  of  tne  nature  of 
this  'nascent  state'  should  be  admitted;  provided  only 
it  be  allowed,  that  these  properties  depenaupon  the  fact 

*  The  atoms  of  ttn  elementsrj  body  do  not  possess  any  force  of  mataal 
combination :  they  adhere  together  only  by  virtue  of  the  force  of  aggre- 
gation.— BtrzeUtu, 
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that  the  particle  is  issuing  from  a  state  of  combination, 
which  is  (generally  sllowed."  • 

185.  The  above  extracts  from  the  "Memoir  on  Che- 
mical Change"  ^re  sufficient  to  make  the  student  ac- 
quainted with  Mr.  Brodie's  views  upon  this  subject. 
We  will  now  arrange  the  facts  into  tmree  classes,  which 
appear  to  prove  that  the  atoms  of  the  elements,  in  their 
free  state,  are  united  in  pairs, 

186.  let  Close. — In  a  great  many  of  the  chemical  com- 
binations in  which  an  element  is  one  of  the  combining 
bodies,  an  even  number  of  atoms  of  the  element  is 
required.  The  atoms  of  the  elements  appear,  therefore, 
to  be  associated  in  binarjf  groups.    Examples : — 

1.  When  chlorine  acts  upon  potash,  two  compounds 
are  always  formed.  The  following  is  the  reaction  when 
Jiypochlorite  of  potash  is  produced : — 

2  KO  +  CI  CI  =  KO,  CI  O  +  K  a.f 
When  chlorate  of  potash  is  formed,  the  following  reaction 
takes  place  :— 

6  K  O  +  3  CI  CI  =  6  K  CI  +  K  O,  CI  O , .  J 

*  Brodie  "  On  the  Conditioii  of  Certain  Elements  at  the  Moment  of 
Chemical  Change."— P&iZ.  Trana.,  part  ii.    1860. 

t  The  ohemical  change  recorded  above  oorresponds  in  every  respect  with 
the  following : — 

2K0  +  Cya  =  K0.  CyO  +  KCl. 
X  Laurent,  in  hia  "  Chemical  Method/'  recommends  that  when  auhttitfi- 
tional  reactions  are  represented  in  the  form  of  an  equation,  the  second 
member  of  the  equation  should  be  written  underneath  the  first.  This  is  a 
very  excellent  plan,  for  we  at  once  perceive,  when  the  equation  is  written  in 
this  manner,  that  to  each  term  or  the  supKsrior  member  there  is  a  corre> 
sponding  term  in  the  inferior  one,  as  shown  in  the  foUowinff  examplea.  The 
examples  are  written  according  to  the  new  views,  and  witn  the  new  atomie 
weights  :— 
Ist.— Action  of  chlorine  upon  f  CI  CI  +  H  H  ss 

hydrogen    •    -    -    - 1  H  CI  +  H  a. 
8nd.-<Ch]orine  upon  hydrate  5  CI  CI  +  KHO+EHOs 

ofpotash     .    -    .    -IkCI  +£C10-fHU0. 
Srd.— Chlorine  upon  hydrate  f  3  CI  CI  +  2KH0 +  KHO     +3EH;0  = 

ofpotash    -    -    -    .13KC1  +  2KC1    +KC10,+3HHO. 
4th.— Action  of  chlorine  and  (6 CI  a +  5H  HO +  H  HO   +  1 1  == 

iodine  on  water    -    .  (6H  CI -I- 6HC1     +HIOg-fHIOs. 
6th.— Sulphuric  add  upon  per-  f  H.  8  0«    +  Mn  ,  0,  = 

oxide  of  manganese  •  1  Mn^  8  0«  +  H,  O  +  O. 
6th.— Sulphuric     acid    upon  f  H.  8  O*  +  K-  C  O,  = 

carbonate  of  potash  -  ( K,  8  0«  +  C  O.  +  H,  O. 
7th.— Chloride     of     bensoyl  ]  C,  H,  CI  O  +  H,  O  =s 

upon  water-    -    -    -(CyH,  O.    +  H  CI. 
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2.  **  There  does  not  exist  a  single  organic  compound 
upon  wluch  we  can  effect  any  reaction  by  employing  an 
uneven  nnmber  of  atoms  of  cnlorine.  In  every  case  it  is 
OL,  or  a  multiple  thereof,  which  determines  the  reaction. 
A  body  can  contain  an  uneven  number  of  atoms  of  chlorine ; 
bat  in  order  to  form  it,  we  must  employ  an  even  number 
of  atoms.  The  following  are  a  few  examples  of  this  state- 
ment."— Laurent, 

Etherin      .    .    C,  H,  +  CI  Cl=  C,  H  CI    +  H  CI 
Propylene       .    C„  H,  +  CI  Cl  =  C^  H,  CI  +  H  CI 
-    CeHe+2ClCl=C-H,CL  +  2HCl 
.     CeHe+6ClCl=C«Cl,        +6HC1 

3.  When  sulphur  is  fused  at  a  gentle  heat  with  an 
alkaline  hydrate,  or  boiled  with  an  aqueous  solution  of  the 
alkali,  two  compounds,  pentasulphide  of  potassium  and 
hyposulphite  of  potash,  are  formed : — 

3  K  O  +  6  S  S  =  K  O,  S,  O,  +  2  K  S,. 

4.  When  metallic  sidphides  oxidize  in  the  air,  both 
elements  enter  into  combmation  with  the  oxygen ;  thus, — 

NiS  +  20  0  =  NiO,  SO,. 

187.  2nd  CUus, — There  are  a  ^at  number  of  decom- 
positions which  cannot  be  explamed  in  any  satisfactory 
manner,  in  my  opinion,  unless  we  admit  that  the  atoms  of 
the  same  element  are  capable  of  entering  into  combina- 
tion wiUi  each  other.    Examples : — 

1.  When  a  solution  of  bichromate  of  potash  is  poured 
into  a  strong  and  acid  solution  of  the  peroxide  of  barium 
in  hydrochloric  or  nitric  acid,  a  violent  effervescence  and 
escape  of  oxygen  takes  place :  apart,  these  solutions  are 
pCTfectly  stable;  bring  them  together,  they  are  both 
decomposed;  the  chromic  acid  passes  into  chloride  of 
chrommm,  the  ^roxide  of  hydrogen  into  water,  and  the 
oxygen  formed  is  due  to  the  simiHtaneous  decomposition 
of  Doth  bodies ;  thus, — 
3HCl  +  2Cr03  +  3HO,=  Cr,Cl,+  6HO  +  300. 

Brodie  regards  the  oxygen  itself  in  this  experiment  as 


with  the  BTinmeti^  of  the  reaction. 

In  the  siztii  reaction,  the  symmetry  is  destroyed,  hecauae  H,  C  O,  being. 
under  ordinary  cirenmstances,  incapable  of  existing,  becomes  decomposed 
iminediately  into  Ha  O  and  C  Oa. 
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the  true  reducing  aeent;  he  belieres  that  the  chromic 
acid  is  deoomi>osed  07  the  oxygen  of  the  peroxide  of 
hydrogen,  according  to  the  same  law  of  decomposition, 
and  for  the  very  same  reason,  as  it  would  be  by  hydro^n 
itself  if  a  piece  of  zinc  were  thrown  into  the  acid  solution, 
this  reason  being  the  polarity  of  the  particles  induced  by 
chemical  change.* 

2.  Hydride  of  copper,  Cu,H  in  contact  with  strong 
hydrocmoric  acid,  is  decomposed  along  with  the  acio, 
chloride  of  copper,  Cu,  CI,  being  formed,  and  hydrogen 
eyolred;  thus, — 

+  —       -h  — 
Cu,  H  -f-  H  CI  =  Cua  a  -f-  H  H. 

This  is  perfectly  analogous  to  the  following  decompo- 
sition : — 

+   —      +  — 

Cu,  O  -f  H  CI  =  Cua  O  -h  H  O. 

Hydrochloric  acid  scarcely  acts  upon  copper ;  the  com- 
bination of  hydrogen  with  copper,  far  from  favouring  the 
action  of  the  acid  upon  the  metal,  ought,  according  to  the 
received  ideas,  to  add  a  new  obstacle  to  it.  Hydrochloric 
acid  also  dissolves  an  alloy  of  copper  and  sine,  although 
on  the  copper  itself  it  has  no  action.  The  hydride  of 
copper  is  itself,  in  its  chemical  relations,  an  alloy;  the 
action  of  the  acid  consequently  is  the  same  upon  the 
compound  of  copper  and  hydrogen  as  upon  the  compound 
of  copper  and  zmc,  and  the  explanation  of  these  facts 
involves  similar  phenomena.    Thus, — 

H  CI  Zn  Cu  CI  H  =  Zn  CI  +  Cu  a  +  H  H. 

*  The  deoompoaition  of  »  oompoand  b j  ha»t  ig  ezpUined  b  j  Biodie  in  the 
samewaj;  thus,— 

2HgOaHgHg  +  00. 

"  In  certain  oaaee  we  oan  trace  the  rery  mode  in  which  thia  deoompoei- 
tion  by  heat  takes  place.  Thai,  in  the  decomposition  of  chlorate  of  potaah 
by  heat,  the  true  way  in  which  this  substance  is  decomposed  is,  as  disoorered 
by  Serullas,  the  decomposition  of  one  partlole  by  the  next.  The  chlorate  is 
flnt  oxidised  to  perohlorate,  and  this  perohiorate,  as  shown  by  Millon,  again 
reduced  to  chlorate,  with  evolution  of  o^^gen.  Thus  the  action  proceeds  by 
a  continual  oxidation  and  reduction  of  the  substance,  the  phenomena  being 
▼eiy  similar  to  the  oxidation  of  the  chromic  acid  by  the  peroxide  of  hydrogen, 
and  the  spontaneous  decomposition  of  the  compouna  formed.  By  mixing 
chlorate  or  potash  with  oxide  of  copper,  the  formation  of  the  perohiorate  la 
entirely  prevented,  and  the  action  converted  into  one  of  spontaneous  deoom- 
position." 
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Brodie  explains  in  a  similar  way  the  oxidation  and 
Bolntdon  of  platinum  in  nitric  acid  when  alloyed  with 
silrer.  Platinum  hj  itself,  as  is  well  known,  will  not 
oxidate  and  dissolye  in  the  acid. 

3.  When  iodine  is  added  to  peroxide  of  barium,  the 
following  changes  take  place  :-^ 

2BaO, +  I  =  2BaI  +  20  0. 

We  add  the  two  following  chemical  changes,  in  order 
that  the  student  may  contrast  the  three : — 

(1).  II  +  BaO  =  BaI  +  IO. 
(2).  IP  +  BaO=BaI  +  PO. 

188.  The  oxides  of  gold,  silver,  and  mercury,  on  being 
placed  in  a  solution  orperoxide  of  hydrogen,*  decompose, 
and  are  decomposed  by,  that  body,  although  apart  the 
X>eroxide  and  the  metallic  oxides  are  perfectly  staole ;  the 
metallic  oxides  lose  the  whole  of  their  oxygen,  whilst  the 
peroxide  loses  one-half,  and  thus  becomes  converted  into 
water.  "  The  simultaneous  reduction  of  the  peroxide  of 
hjdrogen  and  the  oxide  of  silver  is  a  solitary  fact,  by  the 
side  of  which  chemists  have  been  able  to  place  scarcely 
an  analogous,  much  less  a  similar  instance.  Hitherto,  in 
the  breaking  up  of  the  oxide  of  silver  and  the  peroxide  of 
hjdrogen,  no  chemical  fact  has  been  recognised  but  the 
smiultaneous  decomposition  of  two  chemical  substances- 
This  IB  that  fact  for  which  it  has  been  so  difficult  to 
account.  Were  it,  for  example,  a  hydride  of  silver  which 
was  thus  decomposed,  and  water  formed  and  not  simply 
oxygen,  the  experiment  would  have  attracted  no  atten- 
tion. On  the  view  1  have  given,  the  formation  of  the 
oxygen  itself  is  as  truly  a  chemical  synthesis  as  the 
formation  of  water,  and  may  be  substituted  for  it  in  a 
chemical  change.  This  supplies  an  explanation  of  these 
fiicts  at  once  adequate  and  simple ;  the  oxide  of  silver  in 
this  experiment  being  reduced  by  the  oxygen  of  the  per- 
oxide of  hydrogen,  just  as  in  otner  cases  it  might  be  by 
hydrogen ;  the  formation  of  the  silver  from  the  particles 
or  which  it  is  composed  being  the  corresponding  fact  in 
the  decomposition  of  the  oxide  of  silver  to  the  formation 

*  Inatesd  of  employm^  peroxide  of  hydrogen,  which  is  ironblesome  lb 
]v«pare.  tho  deoompositioQ  csn  be  shown  by  employing  m  Bolution  of  per- 
oziae  of  barium  in  hydrochlorio  or  Metio  aoid. 
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of  water  in  the  peroxide,  so  that  we  may  represent  the 
change  thus : — 

4.-4.-  +      — 

HOOOAg^AKi=gQ  +  O,  +  Ag* 

188.  "No  one  can  be  more  sensible  than  I  am  of  the  wide 
interFsI  which  exists  between  such  a  mode  of  representing 
a  chemical  change  and  an  ascertained  fact.  The  very 
form  in  which  I  hare  just  expressed  the  decomposition 
inyolres  an  important  assumption ;  an  assumption  indeed 
on  which,  in  my  opinion,  the  whole  question  rests.  If  it 
be  true  that  these  bodies  are  thus  decomposed  in  definite 
and  equiralent  proportions,  and  that  the  simultaneous 
decomposition  of  the  bodies  proceeds  according  to  this 
law,  it  is  impossible  to  deny  the  chemical  relation  of  these 
changes  and  the  mutual  chemical  action  of  the  substances ; 
and,  on  the  other  hand,  if  the  formation  of  this  oxygen  is 
to  be  regarded  as  a  true  chemical  synthesis,  this  synthesis 
must  follow  the  universal  law  of  the  formation  of  chemical 
substances,  and  the  masses  must  combine  in  definite  and 
equivalent  proportions.  It  was,  therefore,  the  quantita- 
tive relation  of  the  decomposing  substances  which  seemed 
to  me  the  essential  point  to  be  determined,  and  which 
experiment  alone  could  decide ;  for  it  was  quite  possible 
(and  indeed  had  to  be  taken  for  granted)  that  the  action 
varied  according  to  some  other  law.  It  might  have  none 
of  the  characters  of  a  chemical  change;  it  might,  for 
example,  vary  directly  with  the  acting  masses,  or  with  the 
temperature  alone,  or  be  a  function,  so  to  say,  of  so  many 
variables  that  the  true  law  of  action  would  be  altogether 
hidden. " — Brodie, 

190.  Wurtz  found  that  an  equivalent  of  hydrochloric 
acid  exactly  decomposed  an  equivalent  of  hydride  of 
copper  (187-2) ;  Brodie  also  found  that  an  equivalent  of 
iodine  always  exactly  decomposed  an  equivalent  of  peroxide 
of  barium,  if  the  latter  were  perfectly  pure  (187-3) ;  but  in 
the  decomposition  of  other  substances  with  peroxide  of 
barium,  Brodie  found  that  the  proportions  in  which  the 

*  BenelioB  and  other  chemical  philosophers  haTe  ascribed  decompositioiis 
of  this  kind  to  a  new  power,  which  thej  term  the  Catalytic  force,  and  the 
effect  of  the  action  of^this  force  they  term  Cofo/ym,  or  decomposition  hj 
contact.  The  student  is  referred  to  the  larger  works  on  chemistiy  for 
farther  information  about  Catalysis,  and  also  to  a  paper  on  that  subject,  bj 
Dr.  Playfair,  in  the  "  ProceedinSgs  of  the  Ch — -— *^a— ^'*-  » 
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substaaces  were  decomposed  Yoried  with  the  nature  of 
the  chemical  substances  reduced,  with  the  temperature, 
with  the  mass,  and  also  with  the  strength  of  the  solution.* 

*  For  ft  farther  aoooanfc  of  these  experiments,  the  student  is  referred  to 
the  eerenth  Tolume  of  the  '*  Chemicml  Society's  Journal." 

During  the  time  this  work  was  passing  through  the  press,  Mr.  Brodie 
oommomeated  to  the  Boyal  Society  the  following  important  note  on  the 
oxidatioo  and  disozidation  effected  by  |>en>xide  of  hydrogen : — "  In  a  former 
eammnnieation  I  laid  before  the  Society  a  detailed  inresti^tion  as  to  the 
remarlcahle  disozidation  of  certain  metallic  oxides  (of  which  the  deoom* 
position  of  the  oxide  of  sQTer  may  be  regarded  as  typical)  by  the  peroxide 
of  hydrogen.  I  suggested  that  this  decomposition  was  oi  a  simple  and  normal 
duiacter ;  that  the  element  oxygen  was  formed  according  to  a  molecular 
law,  identical  with  that  according  to  which  compound  substances  are  formed : 
and  thaA  the  mutual  decomposition  of  the  two  oxides  was  determined  by  the 
^ntheeis  of  the  particles  of  oxygen  in  opposite  polar  conditions,  according 
to  the  equation, — 

Ags  O  +  H,  Oa  a  Agi  +  H.  O  +  OS 

"After  an  intenral  of  nearly  ten  years  this  expUuiation,  together  with 
Tarious  facta  bearing  upon  the  theory  of  this  action,  and  which  were  pYtn 
fbr  the  first  time  in  the  paper  alluded  to,  have  been  reproduced  as  original 
diseoreries  by  Sohonbein. 

"The  reaction  does  not,  however,  present  itself  under  this  simple  form. 
The  amount  of  oxygen  lost  by  the  oxide  of  silver  is  a  Tariable  qnanti^, 
eomprised  between  the  extreme  limits  of  the  catafytic  action,  in  which  the 
ndiioti<»  is  eero,  and  the  normal  chemical  action,  as  expressed  in  the  above 
equation.  The  reason  for  this  Tariation  is  to  be  sought  in  the  disturbing 
hmnenoe  of  the  metal  formed  during  the  decomposition. 

"It  is  my  intention  shortlr  to  communicate  to  the  Society  a  prosecution 
I  inrestigate  the  decomposition,  by  the  per. 


of  the  shore  inquiry,  in  whicn  I  inrestigate  the  decomposition,  oy  the  per. 
oxide  of  hydrogen,  of  certain  oxygenated  substances  contained  in  solution. 
where  the  perturbing  causes^  wnich  affect  the  decomposition  of  the  solid 
oxides,  and  conceal  the  simphdty  of  the  reaction,  do  not  exist. 

"The  meUiods  by  which  the  following  results  hare  been  obtained  will 
hereafter  be  giren  m  detaiL  I  confine  myself  merely  to  a  brief  rimmi  of 
the  ooooLuBions : — 

"  (1).  When  an  add  solution  of  permanganic  acid  is  decomposed  by  per- 
oxide of  hydrogen,  the  decomposition  is  in  an  iuTariable  atomic  proportion, 
•ooording  to  the  equation, — 

Mn«  O,  +  6HsOsBSMnaO  +  6HiO  +  60i. 

"  (2).  An  alkaline  solution  of  ferrioyanide  of  potassium  is  reduced  by  the 
peroxide  o^  barium  to  ferrocyanide,  with  the  evolution  of  two  atoms  of 
oxygen;  thus,— 

SK,  FeiCy«  +  2SH0  +  BaaOa  B2E«Fe>Cy,  +  2BaH0  +  Oi. 

"  (3).  An  alkaline  solution  of  hypochlorite  of  barium  is  reduced  by  the 
peiOTide  of  barium,  according  to  the  equation, — 

Ba  CI  O  +  Baa  Oa  -f  Ha  O  3  Ba  CI  +  2Ba  HO  +  Ox 

"A  timSar  change  takes  place,  as  might  be  antidpated,  with  an  aqueous 
■oinlion  <xf  chlorine  in  the  add  solution  of  peroxide  of  iMuinm,  but  m(Mre 
■kmfy. 

"  (4).  The  decomposition  of  chromic  add  is  of  special  interest.  In  this 
ease  tnuere  are  two  distinct  reactions,  the  first  of  which  takes  place  when 
ehromie  add  is  in  excess,  according  to  the  equation, — 

2  Cn  0»  +  3  Hx  Os  a  Cr«  Oa  +  3  Ha  O  +  3  Oa  J 
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191.  3rd  Class. — ^As  a  chemical  compomid  posaemes 
properties  perfectly  different  from  those  of  its  consti- 
tuents,  it  follows,  that  if  two  or  more  atoms  of  the  same 
element  are  capable  of  entering  into  combination,  the 
homogeneous  compound,*  and  the  elementary  atoms  in 
their  free  state,  wiU  be  distinguished  by  a  difference  in 


tlia  Moond,  which  ocean  when  a  larjpe  ezoeu  of  peroxide  of  hTdrogen  is 
preaent,  and  in  which  the  peroxide  of  hydrogen  loses  ezaetlr  doubfe  the 
amount  of  oxygen  lost  by  the  chromic  acid,  sd  that  the  mial  resnlt  is 
ezpretsed  by  the  equation,—, 

aCrsOa  •(- 6  Hs Os  B  Or«  O.  •I-6EC1O  -f  O.. 

"  In  the  interralB  between  these  reactions,  the  ratio  of  the  loss  of  oxygen 
from  the  peroxide  to  the  loss  firom  the  chromic  acid,  rariee  between  the 
limits  1  and  2  according  to  a  definite  law,  being  proportional  to  the  ratio  of 
the  masses  of  the  sa^tances  employed.  I  am  aole  to  show,  by  direet 
experiment,  that  the  reaction  between  the  extreme  limits  is  the  sum  of  two 
distinet  and  simple  atomic  decompositions. 

'*The  alkaline  peroxides  which  produce  these  MouHar  effects  of  reduction, 
under  other  conditions  act  as  powerful  oxidising  agents;  thus  an  acid 
aolntion  of  hydrated  protoxide  of  manganeae  is  oximsed  by  peroxide  of 
barium  to  the  condition  of  peroxide  of  manganese.  A  concentrated  solu- 
tion of  hydrochloric  acid  cTolTes  chlorine  from  peroxide  of  barium. 

"This  last  reaction  I  hare  made  the  subject  of  a  special  inveetigation, 
with  the  tiew  of  determining  the  conditions  under  which  the  two  reactiooe-^ 

4Ha  +  Ba30aB2BaCl  +  2HtO  +  €1% 
and 

2  H  a  +  Baa  Oa  B=  2  Ba  01  -f  Ht  <H 

respectiTelj  take  place;  and  I  find  that  when  a  solution  of  hydrocUi»rio 
acid  is  boiled  witn  peroxide  of  barium,  if  the  solution  be  concentrated, 
chlorine — ^if  the  solution  be  dilute,  oxygen— ezdusiTelr  is  erolved ;  and  that 
for  each  intermediate  degree  of  dilution  chlorine  and  oxygen  together  are 
eToWed  in  a  constant  ratio. 

"It  is  thus  seen  that  those  differences  in  the  behaviour  of  the  different 
dasses  of  peroxides,  from  which  an  imsginary  distinction  has  been  drawn 
between  the  oxygen  respectively  contained  in  them  as  poeitire  or  negatirct 
are  not  ftmdamental  and  characteristic  diflbrenoee.  The  oxygen  in  the 
peroxide  of  barium  is  the  same  as  that  in  the  peroxide  of  manganese, 
according  to  the  only  test  of  identity  which  we  can  apply,  for  we  can  px»duce 
with  it  the  same  effects.  Nor  are  the  peculiarities  m  the  reactions  of  the 
oxygen  of  the  alkaline  peroxides  of  such  a  nature  as  to  need  any  special 
hvpothesifl  to  account  for  them ;  for  in  no  case  are  the  oombining  prop«rtiea 
of  the  particles  of  matter,  like  their  atomic  weights,  constant  for  each 
chemical  substance,  but  th^  are  variable  properties,  depending  on  the 
physical  conditions  in  which  the  ]»articles  are  placed,  and  the  chemical  aub- 
stances  with  which  they  are  associated. 

*  We  shall  call  compounds  consisting  of  a  oombination  of  the  atoms 
of  the  same  element,  %omoq«n«ouM  compound*,  to  distinguish  them  from 
compounds  composed  of  unlike  elements :  the  latter  class  of  compounds, 
oomposed  of  unlike  elements,  we  shall  call  keterogeneotu  eoay>ound$. 

t  Schonbein  has  drawn  a  distinction,  and  this  is  evidently  an  allusion  to  his 
▼lew.— B.  G. 
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their  properties ;  tliat  tlie  elements  do  not  possess  tmder 
aU  eirciinistances  the  same  physical  and  chemical  proper- 
tiee,  but  that  the  same  element  differs  as  much  m  pro- 
perties under  different  conditions  as  some  heterogeneous 
compounds  differ  firom  their  constituents  is  evidenced  hj 
the  allotropic  modiff  cations  of  some  of  the  elements,*  and 
by  the  na^eaUf  compared  with  the  ordina/ry.  Hate  of  the 
elements. 

192.  To  show  the  student  that  the  properties  vary  with 
the  conditions  of  the  dement,  we  wiU  first  of  all  contrast 
the  properties  possessed  by  phosphorus,  by  snlphur,  and 
by  carbon,  in  the  different  conditions  in  whicn  each  of 
these  elements  is  capable  of  existing.  Phosphorus  ei^ 
be  obtained  in  the  crystalline,  yitreous,  and  amorphous 
state.  In  its  ordinary  state,  it  is  a  soft,  semi-transparent, 
ookrariess,  waxy-looking  soHd,  which  fumes  in  tne  air, 
emitting  white  nmonrs  of  an  alliaceons  odour.  Its  specific 
gravity  is  1*83.  It  fuses  at  111*6°  F.  It  is  very  inflam- 
mable ;  it  takes  fire  in  the  open  air  a  few  degrees  above 
its  fhsmg  point.  The  crystalline  form  is  eqnally  inflam* 
mable  wUh  tiie  vitreous.  Amorphous  phosphorus  is  red. 
In  this  state  it  is  insoluble  in  a  great  many  liquids  in 
which  the  ervstaUine  and  waxy  forms  dissolve.  The 
density  of  red  phosphorus  is  2*14.  It  has  no' smell ;  and 
it  may  be  heated  in  the  open  air,  without  change,  until 
the  temperature  reaches  500''  F. :  at  this  heat  it  melts, 
and  bursts  into  fiame.  One  form  of  sulphur  has  a  density 
of  2-05,  and  melts  at  239''  F. ;  another  form  of  the 
element  has  a  density  of  1*98,  and  melts  at  248"*  F. ;  and 
a  third  form  has  a  density  of  1*957.  These  three  varieties 
of  sulphur  are  also  distmguished  firom  each  other  by  a 
difference  in  some  of  their  other  properties.  The  student 
has  only  to  contrast   the  properties  of  the  diamond, 

•  "There  sppear  to  be  icna  different  oonditionB  in  wfaioh  solid  bodies  may 
enet.  They  may  be— let.  OnfttaUAne,  as  diamoad,  garnet,  felspars,  ftia. 
Viiretm»t  or  glassy,  as  glass  itself,  transparent  arsenions  aoid,  and  barley 
sugar.  8rd.  AMorpkout,  ot  destitute  of  crystalline  form  altogether,  as 
tiader,  chslk,  or  elay.  4tb.  OnaniKedf  or  arransed  in  masses,  oonsisting  of 
ceQs,  fibres,  or  membranes,  life  the  tissues  of  animals  or  Tegetables,  as 
hair, mnscle, skin,  wood, baric, leares,  &e*'—MiUer. 

flome  of  the  rimple  bodies  oaa  exist  inditflBrent  forms,  and  in  the  diilte«nt 
Ibrms  the  same  elnnente  possess  different  properties ;  these  different  forms 
hsve  been  ealledtiieaJkytropie  stakes  of  the  element.  Th»  yratd  aUoiropg  im 
derived  from  two  Qreek  words,  signifying  a  different  manner  or  nature.  It 
is  probable  thst  aU  the  elements  can  exist  in  two  or  more  different  fbrma* 
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graphite  (the  black-lead  of  pencils),  and  ordinary  charcoal, 
to  see  that  the  properties  of  carbon  are  as  various  as  the 
conditions  in  which  it  can  exist.  Brodie  has  endeavoured 
to  ascertain  expenmentallj  whether  the  aUotropic  dif- 
ferences of  the  elements  are  to  be  regarded  as  purely 
physical,  or  as  chemical  differences  of  matter.  "  For  if  it 
were  proved  that  the  formation  of  the  element  is  a 
chemical  synthesis  of  the  same  nature  as  the  formation  of 
a  compound  substance,  we  are  enabled  to  transfer  to  the 
element  those  ideas  oiform  by  which  we  most  reasonably 
exptlain  isomeric  differences,*  and  to  comprehend  that,  in 
their  case  also,  two  or  more  substances  may  exist,  iden- 
tical in  their  ultimate  chemical  constitution,  yet  differing 
in  the  arrangement  of  their  particles."  Brooie  reasoned 
that,  if  the  allotropic  differences  were  due  to  chemical 
differences,  then  different  allotropic  forms  must  exhibit 
different  chemical  reactions ;  and  it  might  be  anticipated, 
as  not  improbable,  that  these  different  forms  might  even 
enter  into  combination  with  different  combining  weights. 
Brodie  was  led  to  believe,  from  the  differences  wkich 
charcoal  obtained  from  sugar,  and  which  graphite  dis- 
played when  treated  with  concentrated  sulphuric  acid 
and[  chlorate  of  potash,  that  graphite  is  a  peculiar  com- 
pound of  carbon.  He  then  treated  graphite  with  a 
mixture  of  nitric  acid  and  chlorate  of  potash,  and  he 
obtained,  after  treating  the  substance  four  or  five  times 
with  these  re-agents,  and  washing  and  drying  the  sub- 
stance after  each  treatment,  a  substance  having  the  for- 
mula -G„  H^-G-^t  which  he  calls  "graphic  acid."  Wben 
^phic  acid  is  heated  to  620^  F.,  with  proper  precautions, 
it  is  decomposed,  carbonic  acid  and  water  are  given  off, 
and  a  substance  having  a  graphitoid  appearance  is  left, 
having  the  formula  -€„  H,  -O-^ ;  and  when  this  substance 
is  heated,  in  an  atmosphere  of  nitrogen,  to  a  temperature 
of  480^  F.,  it  is  decomposed,  water  and  carbonic  oxide  are 
given  off,  and  a  substance  is  left  having  the  formula 

193.  Brodie  considers  that  in  these   compounds  the 

*  For  a  description  of  Isomeriam,  see  tlie  withor'B  "  First  Step  in 
Chemistry/'  3rd  edition,  pa^  199. 

t  The  double  atoms  of  oxygen,  sulphur,  carbon,  seleninm,  or  teDnrinm 
are  sometimes  distinguished  by  drawing  a  line  through  ^e  letter  ox  symbol, 
as  in  the  present  case. 
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graphite  Tetams  its  allotropic  state,  which  he  termd 
Grrapkon,  and  that  it  poesesses  in  this  form  a  combining 
numoerof  33,  for  the  following  reasons : — Buff  and  Wohler 
recently  discoyered  a  remarkable  series  of  compounds  de- 
rived from  the  graphitoidal  form  of  silicon,*  among  which 
18  a  compound  of  silicon,  hydrogen,  and  oxygen,  of  the 
formula  &i^  H4  O^.  The  properties  of  this  substance 
correspond  yery  closely  with  those  of  graphic  acid ;  it  is, 
therefore,  a  reasonable  inference  that  the  graphite  com- 
pound is  Uie  same  term  in  the  system  of  carbon,  as  the  silicon 
componnd  in  the  system  of  silicon.  When  this  analogy  is 
stated  in  the  formula  of  the  substance,  we  are  led  to  very 
remarkable  conclusions.  The  total  weight  of  graphite 
which  in  the  compound  is  combined  with  four  atoms  of 
hydrogen,  and  five  of  oxygen,  is  132.  If  we  assume 
this  weight  is,  like  the  corresponding  weight,  84  of 
silicon,  to  be  divided  into  four  parts,  we  arrive  at  the 
number  33,  as  the  atomic  weight  of  graphite.  Eepre- 
senting  this  weight  by  the  letters  Gr,  the  formulsD  of  the 
substances  -e-,^  H^  -O-,,  -B^  H,  -0-.,  and  -€^5^  H.-O-^j, 
become  Gr^  H4  -O-,,  Gr^  H,  -O-4,  and  Gr„  H4  -9-,,.  Brodie 
believes  that  this  view  of  the  atomic  weight  of  graphite  is 
supported  by  its  specific  heat ;  and  he  also  thinks  that  the 
relation  which  exists  between  the  atomic  weights  of  boron, 
silicon,  and  zircon,  and  that  form  of  carbon  for  which  a 
place  may  be  claimed  as  a  distinct  element,  graj^hon,  is 
precisely  the  kind  of  numerical  relation  f  which  is  found 
to  exist  between  the  weights  of  analogous  elements.  We 
have — 

Boron 11 

Silicon 21 

Graphon 33 

Zircon 66 

194.  "  These  considerations  lead  to  the  remarkable  in- 
ference that  carbon,  in  the  form  of  graphite,  functions 
as  a  distinct  element ;  that  it  forms  a  distinct  system  of 

*  SiHoon  can  be  obtained  in  three  diatinot  modifications,  ria.  —  tbe 
amorvhtnuy  Si  7,  the  arapAtfoul»  Si/9,  and  the  eryttaUAnet  Si  a,  modification. 
Par  farther  information  on  ailioon  and  ita  compounda,  the  atndent  ia  referred 
to  Miller^a  "  Inorganic  Chemiatry,"  the  second  edition  of  vol.  ii. 

t  The  oaeation  of  apecifio  heat  and  numerical  relation  will  be  ezplamed  in 
tome  of  the  foUoiring  ohaptera. 
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combinations,  into  which  it  enters  with  a  distinct  atomic 
weight — the  weight,  33.  Analogy  wonld  lead  us  to  a 
simOar  conclusion  with  regard  to  the  elements  boron  Mid 
silicon.  How  far  this  inference  is  to  be  extended  to  the 
aUotropic  forms  of  other  elements,  experiment  alone  can 
decide."  * 

195.  The  affinities  of  the  elements  in  their  nascent  etaie 
are  much  more  powerful  than  in  the  ordinary  state  of  the 
elements;  nitrogen,  for  inatanoe,  cannot,  except  with 
very  great  difficulty,  be  made  to  unite  directly  with  any 
element,  but  requires  for  its  combination  that  one  or 
both  the  elements  should  be  in  the  nascent  state ;  in 
order  to  effect  the  combination  of  chlorine  and  hydrogen, 
oxygen  and  hydrogen,  independently  of  any  agent,  Emdh 
as  heat,  it  is  necessary  to  Drinj;  them  together  in  their 
nascent  state.  To  effect  the  union  of  a  solid  with  a  g[a«-* 
eous  body,  it  is  necessary  in  a  number  of  cases  to  bruur 
them  together  in  their  nascent  state;  thus,  no  chemietu 
combination  will  take  place  if  a  stream  of  hydrogen  be 
passed  into  sulphur.  If,  howeyer,  the  two  elements  are 
set  free  irom  other  combinations  at  the  same  moment  and 
in  presence  of  one  another,  the^  combine  together  and 
form  hydrosulphuric  acid.  This  is  also  the  case  with 
hydrogen  and  the  following  substances  :  — phosphorus, 
carbon,  arsenic,  antimony,  £c.  We  cannot  well  explain 
why  the  affinities  of  the  elements  should  be  so  much 
greater  at  the  momenU  they  are  set  free  from  their  (hete- 
rogeneous) combinations  than  they  are  afterwards,  unless 
we  admit  that  the  atoms  of  the  same  elements  are  capa- 
ble of  entering  into  combination.  If  we  admit  the  exist- 
ence of  molecular  atoms,  then  there  is  no  difficulty  in 
accounting  for  the  great  disparity  in  the  affinities  of  the 
elements  m  the  two  states ;  for  in  the  nascent  state  the 
atoms  of  the  element  are  uncombined,  in  the  ordinary 
state  they  are  united ;  oon8e€[uently,  when  two  elements 
are  set  free  from  other  combinations  at  the  same  moment 
and  in  presence  of  each  other,  the  two  elements  enter  into 
combination,  because  the  unlike  atoms  have  a  greater 
affinity  for  each  other  than  the  like  atoms  haye ;  or,  as  it 
would  be  expressed  on  Mr.  Brodie's  theory,  the  unlike 

*  Brodie  "On  the  Atomic  Weight  of  Graphite  i"  Chewdeal  S0ei«tj^9 
Journal,  vol.  zii. 
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atoms  are  in  a  greater  positiye  and  negatiye  relation. 
Bat  if  we  bring  the  elements  in  their  ordinary  state  toge- 
ther thej  will  not  combine,  or  at  least  they  will  combme 
with  greater  difficulty  than  they  would  if  they  were  in 
the  nascent  state,  because  the  affinity  of  the  like  atoms, 
BOW  that  the  atoms  of  the  elements  are  in  a  state  of  com- 
bination, is  sufficient  to  preyent  combination  taking  place 
between  the  unlike  atoms ;  but  just  as  double  decompo- 
sition may  be  effected  by  the  aia  of  heat,  or  some  other 
agent,  between  two  heterogeneous  compounds  which 
unassisted  cannot  mutually  decompose  one  another,  so 
two  homogeneous  compomids  which  cannot  undergo  de- 
composition of  themselyes,  and  so  form  two  heterogeneous 
compounds,  may  by  the  aid  of  heat,  or  some  other  agent, 
undCTgo  this  chemical  change.  Examples. — If  carbonate 
of  lime  (Ca  O,  C  O,)  and  chloride  of  ammonium  (N  H4  CI) 
be  added  together,  no  chemical  change  will  ensue,  unless 
they  are  exposed  to  a  temperature  higher  than  212^  F. ; 
in  that  case  they  will  mutually  decompose  each  other, 
carbonate  of  ammonia  {N  H4  O,  C  Os)  and  chloride  of 
calcium  (Ca  CI)  being  formed.  If  hydroeen  (H  H)  and 
chlorine  (CI  CI)  are  added  together,  no  chemical  change 
takes  place  unless  heat,  electricity  (which  acts  by  the  heat 
it  produces),  or  light  be  applied ;  by  the  aid  of  one  or 
oilier  of  these  agents,  the  il  K  and  CI  CI  are  mutually 
decomposed,  and  two  atoms  of  K  CI  are  formed ;  but  if 
H  and  CI  are  brought  together,  as  is  the  case  when  they 
are  in  the  nascent  state,  then  the  two  elements  unite  and 
form  hydrochloric  acid  without  the  aid  of  any  agent. 

196.  The  singular  body  ozone,  which  at  one  time  was 
supposed  to  be  a  teroxide  of  hydrogen,  but  which  is  now 
generaUy  regarded  as  oxygen  in  a  yery  actiye  state,  is 
obtainea  by  transmitting  a  succession  of  electric  sparks 
through  air  or  dry  oxygen.  It  can  also  be  formed  by 
placing  a  clean  stick  of  phosphorus,  moistened  with  a 
few  drops  of  water,  in  a  Dottle  of  atmospheric  air ;  the 
phosphorus  is  slowly  oxidized,  and  the  formation  of 
ozone  accompanies  the  oxidation.  It  is  also  stated,  that 
the  oxygen  which  is  eyolyed  from  peroxide  of  barium 
on  the  addition  of  sulphuric  acid,  contains  ozone.  The 
mode  of  its  formation,  especially  by  phosphorus,  appears 
strongly  to  corroborate  not  only  the  binary  association  of 


114  EZISTXNCB  OF  MOLXCULAB  ATOMS 


1 


the  elements,  but  also  tliat  the  combined  atoms  are  in 
two  oppositely  polarized  forms.* 

197.  We  have  now  to  show  that  the  atoms  of  the  com* 
pound  radicals  f  of  the  ethers  unite  when  they  are  sepa- 
rated from  heterogeneous  combinations ;  it  is  therefore 
highly  probable,  that  the  atoms  of  all  compound  bodies 
wmch  play  the  same  part  as  elementary  bodies  cannot 
exist  in  a  state  of  isolation ;  that  they  are,  when  not  form- 
ing constituents  of  heterogeneous  compounds,  united  in 
binary  groups  forming  homogeneous  compounds. 

198.  Frankland^  isolated  the  radical  ethyl  by  acting 
upon  iodide  of  ethyl  (C4  H«  I)  with  sine  in  sealed  tubes ; 
he  found  that  along  with  ethyl  and  iodide  of  zinc,  there 
was  formed  a  compound  of  zinc  and  ethyl  having  this 
formula,  C«  Hg  Zn,  which  he  named  zinc  ethyl,  and  besides 
the  ethyl,  two  other  compounds  of  carbon  and  hydrogen, 
having  the  formida  C«  H^  and  G4  H« :  each  of  these  cona- 
pounds  of  carbon  and  hydrogen,  the  ethyl  and  the  other 
two,  belong  to  a  distinct  group  of  the  large  family  of 
hydro- carbons.  As  zinc  ethyl  is  decomposed  by  water, 
Irankland  found  that  when  water  was  present  along 
with  the  iodide  of  ethyl  and  zinc  the  decomposition  was 
different,  not  only  was  there  no  zinc  ethyl  present,  but 
there  was  onlj  one  hydro-carbon  G4  H«,  and  instead 
of  iodide  of  zmc  (Zn  I)  oxyiodide  of  zinc  (Zn  O,  Zn  I) 
was  the  iodine  compound  of  zinc  that  was  formed ;  the 
following  changes  tnerefore  take  place  when  water  is 
present : — 

C4  H,  I  +  2  Zn  -f  H  O  =  C4  H,  -f  Zn  O,  Zn  I. 

199.  Ethyl  possesses  the  closest  chemical  relationship 
with  hydrogen ;  in  all  its  combinations  it  stands  in  the 
same  relation  to  the  other  constituents  of  its  different 
compounds  as  hydrogen  does  when  it  is  united  with' 

*  The  atadent  ii  referred  to  the  *'  Fhiloeophical  MagMine,"  for  18S8, 
and  subaequent  Tolumee,  for  a  desoriptioii  of  ScbSnbeu's  ■pecolmtiona 
upon  the  existence  of  two  opposite  forma  of  axjgeia ;  and  to  the  '*  Phflo- 
Bophioal  TranaacUona,"  for  Andrews' a  Tiewa  on  the  oonatitataon  of  osone. 

T  A  name  applied  to  aoj  oompoand  which  ii  capable  of  combining  with 
•imple  bodiea. 

t  We  atrongly  recommend  the  atndent  to  atndr  the  beantiftal  reaearohea 
of  Frankland,  on  the  isolation  of  the  alcohol  radicals,  in  the  early  vokunea 
of  the  "Journal  of  the  Chemical  Sooietr  of  London." 

Many  of  the  other  alcohol  radicala  oaTe  been  isolated,  and  the  aam« 
reasonmg  applies  to  them  as  to  ethyL 


I 
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tbem ;  if,  therefore,  we  represent  the  cotnponnd  of  chlo- 
rine and  hydrogen  by  the  formula  H  Gl,  and  hydrogen 
itself  hj  the  symbol  H,  we  mnst  represent  the  compound 
of  chlorine  and  ethyl  bythe  formxda  C4  H^  01,  and  ethyl 
itself  by  the  formula  G4  Ms ;  this  was  the  formula  assigned 
to  ethyl  by  Erankland :  according  to  this  formula,  the 
ethyl  atom  forms  only  one  Tolume  of  rapour.  Zinc  ethyl 
(C4  Hft  Zn)  is  decomposed,  as  we  have  alread;jr  stated,  by 
water,  oxide  of  zinc,  and  a  hydro-carbon,  which  may  hie 
represented  bythe  empirical  formula  CtHo,  being  formed. 
Frankland  considered,  that  in  the  decomposition  of  the 
sine  ethyl  by  water,  the  zinc  in  the  ethyl  compound 
was  displaced  by  hydrogen:  the  rational  formula  of  the 
hydro-carbon  must  therefore  be  G4  Hs  H,  a  compound  of 
ethyl  and  hydrogen  in  equal  atomic  proportions ;  this 
compound  he  has  called  hydride  of  ethyl.  The  rational 
formula  of  the  hydro-carbon,  which  is  formed  by  the  action 
of  zinc  upon  iodide  of  ethyl  in  the  presence  of  water, 
and  which  we  haye  represented  by  the  empirical  formula 
O4  Hfi,  must  be  G4  H«  H,*  as  it  is  the  same  body  as  that 
formed  by  the  action  of  water  upon  zinc  ethyl.  The 
hydride  of  ethyl  atom  forms  two  yolumes  of  yapour  ;  it 
contains  one  yolume  of  ethyl  yapour,  and  one  yolume  of 
hydrogen,  imit^d  without  condensation. 

200.  The  formula  G^  H,  for  ethyl,  and  the  corresponding 
formuliB  for  the  other  alcohol  radicals,  inyolyed  the  singular 
anomaly  that  the  atom  of  these  bodies  would  only  form 
one  yolume  of  yapour,  whereas  all  other  known  hydro- 
carbons occupied  two  yolumes  3  f  Gerhardt,  therefore, 
proposed  to  double  the  formulsB,  in  order  to  make  their 
yapour  yolume  correspond  to  all  other  hydro-carbons ;  for 
the  expression  Gg  Hi^  for  ethyl,  and  a  corresponding 
expression  for  the  other  radicals,  corresponds,  like  all 
other  hydro-carbons,  to  two  yolumes  of  yapour.  Kofmann 
likewise  thought  the  formulse  ought  to  be  doubled,  and 
for  the  following  reasons : — 

201.  1st. — The  yolumes  of  the  yapour  of  the  alcohol 


*  Th»  body  wm  fint  obtained  by  Eolbe  »nd  FrsnUaiid  by  acting  i»on 
CTmnide  of  ethyl  vUk  potaflsinm;  taey  regarded  it  at  the  time  as  the  radical 


metliTl  Ct  Us. 
t  Foi 


.  Ponr  Tolnmee,  if  the  Tohune  of  the  atom  of  the  organic  oomponnd  in  the 
gaaeoiu  state  it  oompared  with  the  Tohmie  of  one  atom  of  oxygen.  (See 
par.  170.) 


~^ 
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radicals   are   different   from   all   other   known   hydro- 
call  ions. 

202.  2nd. — ^The  boiling-points  of  these  so-called  radicals 
are  in  favour  of  their  formidsB  being  doubled. 

The  student  must  read  the  chapter  on  boiling-points, 
in  order  to  appreciate  their  value  in  the  determmation 
of  formulse.  We  will  here  briefly  state  that  part  which 
is  neeessary  to  this  argument.  Kopp  had  observed* 
that  the  diflerence  in  the  boiling  temperatures  of  two 
analogous  substances,  differing  by  C,  H„  was  about 
19^  C;  the  numbers  observed  were  sometimes  lower  than 
19^  C,  but  frequently  also  they  were  higher.  Now  the 
boiiiDg-points  of  the  three  alcohol  radicals,  valyl,  amyl, 
and  caproyl,  were  found  to  be  as  follows  (the  formola 
given  is  the  one-volume  formula) : — 

Name.  Formal*.  Boiling-point.       Difference. 

Yalyl    -        -    CgH,      -        -    108°C. )        ^^ 
Amyl    .        -    C,oH„    -        -    155       > 
Caproyl         -    CH^,    -        -    202      |       47 

The  anomalous  diflerences  exhibited  by  the  boiling 
poiuts  in  question,  amounting  actually,  in  these  in- 
flULnces,  for  a  difference  of  C,  H,  to  nearly  double  the 
maximum  ever  observed,  disappear  at  once  if  we  adopt 
fonuulffi  representing  two  volumes  of  vapour,  as  is  shown 
in  the  following  statement,  in  which  the  boiling-points  of 
the  missing  terms*  are  assumed  to  be  half-way  between 
those  of  their  neighbours  : — 

Name.  Formula.  Boiling-point.       Difference, 

Yalyl    .        -    C,.H.,  -  -  108«C.  |      ^ 

C,eH«  -  -  131-5 

Amyl    -        -    C«Hm  -  -  155 

C„H,4  -  -  178-5 

Caproyl         -    CmH,,  -  -  202 

203.  3rd.— -Hofinann  considered  that  the  formuls  of 
tlit^Be  bodies  required  to  be  doubled  in  order  to  remove  the 

*  Sin«e  that  time  one  of  the  missing  terms  has  been  discovered,  and  ita 
twtliDg*point  is  given  in  the  table,  page  122. 


OF  THB  COMPOUKD  BADICALS.  117 

diBcrepaney  exhibited  by  the  boiling-points  of  hydride  of 
amyl,  amjl,  and  amyline. 

Fame.  FormnlA.  Boiling-point. 

Hydride  of  Amyl    C,oH„,H  (Twovolnmes)      30^*0. 
Amyl        -        -      CioHii        (One  volume)      156 
Amyline  -        -      CioHio        (Two  Yolnmes)     39 

In  commenting  upon  this  discrepancy,  Hofmann  said, 
"It  appears  strange,  at  the  first  glance,  that  the  boil* 
ing-pomt  of  Gio  Hio,  should  be  raised  more  than  100°  by 
the  assimilation  of  one  equivalent  of  hydrogen,  whilst 
we  QsuaUy  find  that  the  addition  of  hydrogen  dej^resses  the 
boaline*point.  And  again,  that  in  amyl  the  boiling-point 
shoula  DO  depressed,  even  in  a  more  strikiuff  manner, 

Sf  its  combining  with  the  same  amount  of  nydrogen. 
at  I  do  not  attach,"  he  said,  "  great  importance  to  this 
point,  inasmuch  as  the  formul®  of  these  bodies,  correspond- 
ing to  different  volumes,  cannot  well  be  compared  with 
ea^  other.  Moreover,  it  u  but  right  to  state,  that  we 
are  not  veiy  well  acquainted  with  the  influence  of  hydro- 
^en  on  boi£ns-points ;  thus  the  boiling-point  of  bromine 
IS  considerably  higher  than  that  of  nydrobromic  acid; 
whibt,  on  the  other  hand,  hydrocyanic  acid  boils  at  a 
higher  temperature  than  cyanogen  itself." 

204.  4th. — Hofmann  considered  that,  as  these  isolated 
bodies  did  not  combine  with  the  metalloids,  and  reproduce 
a  methyl,  ethyl,  or  amvl  compound,  they  did  not  display 
the  character  of  radicals.  Nobody  expected,  he  said,  that 
ethyl,  like  zinc,  would  disengage  hydrogen  from  sulphuric 
acid  and  water;  or  that,  luce  iron,  it  would  precipitate 
copper  or  antimonj.  There  were,  however,  many  who 
thought,  whether  n^htly  or  wrongly,  that  these  substances 
would,  under  certam  circumstances,  like  hydrogen,  com- 
bine directlv  with  chlorine;  that  they  would  combine 
with  other  elements,  without  giving  rise  to  the  ohenomena 
of  substitution,  and  reproduce,  like  other  of  tne  isolated 
radicals,  as  cyanogen,  or  cacodyl,  some  terms  of  their  own 
series.  The  great  difficulty  with  which  free  hydrogen 
combines  with  chlorine,  and  the  powerful  affinity  exhibited 
by  the  latter  element  for  hydrogen,  when  in  the  combined 
state,  militates,  it  is  true,  to  a  certain  extent,  against  this 
assumption ;  but  we  have,  on  the  other  hand,  m  defiant 
gas  and  ita  congeners,  well-known  instances  in  which  this 
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direct  combinatioii  actually  appears  to  take  place.  Up  to 
tiiis  present  moment,  none  of  the  supposed  alcohol  radicals 
hare  been  observed  to  combine,  like  cyanogen,  or  cacodyl, 
directly  with  any  of  the  elements.  iKone  of  them  have 
been  found  capable  of  reproducing  a  methyl,  ethjl,  and 
amyl  compound. 

205.  To  this  objection.  Dr.  Frankland  thus  replied  :*— 
This  objection  follows  naturally  from  the  circumstance 
that,  up  to  the  time  of  the  isolation  of  these  bodies,  we 
were  only  acquainted  with  one  basic  or  eleotro^positiTe 
radical  in  a  separate  form,  yiz.,  eacodyl,  whidi  has, 
unfortunately,  been  looked  upon  by  some  chemists  as  a 
type  of  all  o^er  organic  radicals,  which  they  therefore 
expected  to  find  endowed  with  similar  powerful  affinities. 
Such  a  partial  yiew  of  the  essential  characters  of  a  com- 
pound radical  could  not  hare  been  formed  from  a  careful 
comparison  of  the  varied  properties  of  the  simple  radieaJs, 
which  are  undoubtedly  the  true  types  of  their  represen- 
tatives in  the  organic  world.  A  slight  glance  at  the 
habits  and  affinities  of  these  elemental  bodies  exhibit  to 
us  the  most  widely  different  powers  of  combination. 
Commencing  with  potassium,  and  terminating  with  hy- 
drogen, gold,  platinum,  iridium,  and  nitrogen,  we  have  a 
series  of  bodies  which,  although  they  all  readily  pass  from 
one  form  of  combination  to  another  when  already  com- 
bined, yet  when  once  isolated,  exhibit,  as  we  ascend  the 
scale,  an  increasing  reluctance  to  enter  into  union. 

Taking  these  reactions  of  the  simple  radicals  then  into 
consideration,  it  would  be  neither  difficult  nor  visionary  to 
predict  that  their  organic  representatives  would  be  found 
possessed  of  as  great  a  rariety  of  disposition,  and  that  we 
should  have  a  corresponding  series  oi  bodies,  commencing 
with  eacodyl,  zinc-methyl,  eino-ethyl,  stib-ethyl,  &c.,  and 
terminating  with  the  radicalB  of  the  alcohol  family  (the 
perfect  representatives  of  hydrogen),  exhibiting  a  sintilar 

*  We  haye  not  thought  it  necenary  to  gire  Fnnkland's  replirs  to  Hof* 
nuum's  other  objectionB.  but  we  ttronpr  reoomme&d  the  student  to  itody 
the  papers  himself.  Thej  are  full  of  uutmotioii  in  every  point  of  Tiev, 
showing  what  different  views  may  be  taken  in  organic  chemistry,  and  witli 
what  powerful  arguments  they  may  be  supported : — Hofmann  **  On  ti>e 
Action  of  Heat  upon  Yalerio  Acid,  with  some  Bemarks  on  tiie  JPormnUe  of 
the  Alcohol  Radicals :"  Journal  of  the  Qiemical  Soeietj/  of  JLonJoH,  toL  iii. ; 
and  in  the  same  volume  of  that  Journal,  *'  Beaearohes  on  the  Organic  Radi- 
eala,"  by  Dr.  Frankland. 
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deereBM  of  eombining  power;  and,  since  the  organic 
groaps  are  so  instable  in  their  nature,  and  so  liable  to 
metamorphosis  from  the  slightest  causes,  that  we  are 
unable  to  expose  them,  without  utter  destruction,  to  the 
powerful  influences  which  we  can  bring  to  bear  upon  an 
elementaiy  body,  it  surely  ought  to  be  a  matter  of  no 
great  surprise  if  the  members  of  the  least  electro-positiye 
^nremity  of  the  series  should  elude  all  our  attempts  to 
bring  them  again  uninjured  into  combination.  If  nitro" 
gen  were  decomposed  at  a  red  heat,  by  what  means  could 
we  recombine  that  radical  when  once  isolated  P  I  am  at 
present  engaged  in  Ming  up  the  gap  in  the  series  between 
caeodyl  and  ethyl,  and  haye  been  lately  occupied  in 
studymg  the  properties  of  an  organo-metallic  radical, 
which  seems  to  occupy  a  position  about  midway  in  the 
aeries,  entering  into  direct  combination  with  seyeral  of 
the  metalloids,  but  with  a  degrdb  of  affinity  immeasurably 
less  than  that  eichibited  by  cacodyl  or  zinc-methyl. 

206.  Although  Hofinann  thougnt  the  formulae  ought  to 
be  doubled  for  the  aboye  reasons,  yet  he  consider^  the 
mode  of  the  formation  of  ethyl  and  the  other  alcohol 
radicals  was  in  fayour  of  the  lower  formula;  for  if  hydriodio 
acid  and  zinc  yielded  iodide  of  zinc  and  hydrogen  thus,— * 

HH-Zn  =  H4-ZnI, 

iodide  of  ethyl  and  zinc  ought  to  giye  rise  to  C4  H,,  and 
not  Cg  Hi^  thus, — 

C^  H,  I  +  Zn  =  0^  H,  -f  Zn  I. 

207.  Brodie  admitted  the  perfect  analogy  of  the  reac- 
tions between  hydriodic  acid  and  zinc  and  iodide  of  ethyl 
and  zinc ;  but  as  he  regarded  the  formation  of  hydrogen 

Sr  the  action  of  zinc  and  hydriodic  acid  to  be  represented 
US, — 

2HI  +  ZnZntrxHH-f2ZnI; 

so  he  considered  the  formation  of  ethyl  by  the  action  of 
zinc  on  iodide  of  ethyl  to  be  this,— 

2C^H*I  +  ZnZn=C^H4,C4H,  +  2ZnL 

He  therefore  considered  that  the  two  atoms  of  ethyl 
were  united  together,  forming  a  compoxmd  which  he 
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called  ethide  of  ethyl,*  and  he  proved  the  trath  of  this 
by  a  ^pries  of  very  ingenious  and  beautiful  experiments. 
Franlflaiid'  had  shown,  as  we  have  already  noticed,  that 
when  ziDC  acts  on  iodide  of  ethyl  in  the  presence  of  water, 
the  Traction  was  thus  expressed : — 

C,H5l  +  HO  +  2Zn=C^H4,H:-f  Znl.ZnO. 

hydride  of  ethyL 

Thifi,  Brodie  said,  may  be  taken  as  the  type  of  the  other 
cliaiigt's  ;  for  substituting,  in  the  change,  iodide  of  ethyl 
for  water,  we  have  the  formation  of  ethide  of  ethyl : — 

2C4H5H-ZnZn  =  C4H^C,H4  +  2ZnI; 

ethide  of  ethjL  ' 

or,  suli&tituting  water  for  the  iodide  of  ethyl,  we  hare  the 
formation  of  hydrogen,  tlfas : — 

2  H  O  +  Zn  Zn  =  H  H  +  2  Zn  O, 

a  reaction  which  truly  takes  place  at  high  temperatures. 

20S,  Brodie  traced  out  by  experiment  that  the  first 
action  of  zinc  on  iodide  of  ethyl  does  not  consist  in 
the  liberation  of  ethyl,  thus, — 

C«H,I  +  Zn=  C«H,  +  Zn  I ; 

but  in  the  formation  of  zinc  ethyl,  thus, — 

C,H:4l  +  ZnZn  =  C4H5,Zn  +  ZnL 

That  this  zinc  ethyl  then  reacts  upon  a  fresh  portion 
of  iodide  of  ethyl,  thus, — 

C4H„Zn  +  C4H,I  =  C4H„C,H,+  ZnL 

3<:)9.  The  formation,  therefore,  of  hydrogen  from  the 
action  of  zinc  on  hydrochloric  or  hydriodic  acid,  must 
coQgi^t  of  two  stages,  although  we  have  not  yet  been  able 
to  proT6  it  experimentally ;  because,  under  the  circum- 

*  The  doabling  of  the  fonnuln  of  the  aloohol  radicals,  proposed  by  Hof. 
mstin,  Tj^urent,  and  G«rhardt,  and  Brodie's  views  of  the  constitution  of  the 
mdivala,  are  totally  different.  By  doablinf  the  formnkB  they  would  hare 
had  Ui«  ft^neral  formula  (Cn  Hn  +2 ),  and  haTc  been  made  members  of  tlie 
clad  of  hrdro-carbons  called  the  Marsh-gas  group ;  according  to  Brodie, 
thcr  u-e  isomeric  with  the  members  of  the  mursh-gaa  group,  bat  not  iden> 
tical  ttiih  them. 
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stanoefl  under  wldcli  it  is  generally  formed,  the  Hydride 
of  zinc  IB  decomposed  as  fast  as  it  is  created. 

let    Stage.— HI +  ZnZn  =  ZQH  +  ZnL 
2nd  Stage.— ZnH  +  H 1  =  H  H  +ZnI. 

210.  The  student  must,  however,  observe,  that  the 
formation  of  molecular  atoms  of  the  alcohol  radicals  was 
not  proved  by  the  simultaneous  liberation  of  two  atoms  of 
ethvl  by  the  action  of  iodide  of  ethyl  on  zinc-ethyl, 
and  the  analysis  of  the  substance  could  not  aid  in  [tne 
proof.  ^  But  JBrodie  at  once  suggested  a  mode  of  proving 
the  existence  of  these  moleculiur  atoms  by  analogy.  He 
said  the  next  step  in  these  experiments  should  be  the  de- 
composition of  iodide  of  methyl  (C,  H,  I),  or  iodide  of 
smyi  (Cio  Hii  I),  by  zinc-ethyl ;  in  which  case,  he  said,  the 
formation  of  a  compound  hydro-carbon  might  be  antici- 

Sated  of  the  formulaC,Hs,  C4H»  (ethyl-methyl),  or  Gio  Hu, 
4Hs  (ethyl-amyl).*  Since  that  time  Wurtz  has  actually 
obtained  a  series  of  these  double  radicals  by  decomposing, 
bj  means  of  sodium,  equivalent  proportions  of  i^e  iodides. 
TkoB,  in  the  preparation  of  ethyl-amyl  the  foUowing  re- 
action occurs : — 

C4H»I-i-CioH„I  +  NaNa  =  CioH„,C4H»  +  2NaI. 

211.  The  formation  of  these  heterogeneous  radicals 
affords  very  strong  analogical  proof  of  the  existence  of 
molecular  atoms  of  the  homogeneous  radicals.  This  is 
oonfirmed  by  the  boiling-points  and  vapour- densities  of 
these  bodies.  The  boiling. point  of  the  heterogeneous 
radicals  rises  gradually  as  tne  number  of  equivuents  of 
earbon  and  hydrogen  increases ;  and  this  regular  progres- 
sion takes  place  in  the  homogeneous  radious  if  they  are 
represented  by  the  double  atom ;  the  vapour-densities  as 
well  as  the  boUing-points  of  the  homogeneous  radicals 
aore  what  would  be  theoretically  assigned  to  them,  if  we 
represented  them  by  the  double  atom.  These  proofs 
ahow  that  the  homogeneous  and  heterogeneous  radicals 
•re  both  constructed  upon  the  same  molecular  plan, 
and  that  Brodie's  view  or  their  constitution  is  the  correct 
one. 

•  We  nfar  the  atndent  to  the  origiiiel  memoir  hj  Brodie.  "Obeefrft. 
tions  on  the  Conatitation  of  the  Alcohol  Badioels,  ena  oa  the  Formation  of 
ythjl,"  in  the  Journal  <iftk4  London  Cftemtool  SoeMg,  toI.  iii. 
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Nttnet. 


Bth7l*-te- 

tiyl*  

Ethyl-amTl 

hezTll    ... 

Totaryl    (Te- 

trylide   of 

tatryl) 


Tetryl-amyl 
Amyl(Am7l* 
ideofamyl) 


Tetiylliezyl 

HezTl 
•  (Hexylide 
of  hexyl) 


IV>ni»ila. 


Ci«Hj*«04H„C.H, 
Ci4  HigsO* Hg,  Oio Hii 

Ci»  His^O*  H>,  Cm  H|s 
C„H„-0,H,.OjoH„ 


Ct«  Hgg  bOjs  Hj,,  Ci»  Hj  j 


Spedfio  Gravity. 


0-7574 


212.  "  It  may  farther  be  remarked,  in  illnatration  of  the 
pre-existence  of  the  original  molecular  arrangement  of  the 
component  groups  of  meae  compound  bodies,  that  Wurta 
finds  that  amyl  preserres  its  rotator j  action  on  a  ray  of 
polarized  light  when  it  passes  into  these  compounds, 
ethyl-amyl  displaying  the  power  of  rotating  a  polarized 
ray  to  the  right ;  wmlst  amy  line,  raleric  acid,  and  other 
deriyatives  or  amylic-aloohol,  in  which  there  is  reason 
to  suppose  that  the  molecule  of  amyl  is  destroyed,  exert 
no  rotatory  power." 

•  MetbyUde  of  methyl  and  ethrlide  of  ethyl  km  both  guea  at  the  ordinsrf 
temperatare,  they  are  not  Uqueiied  by  »  oold  of  0^  F. 
t  THrgl,  hutryl  or  wOjfU 
i  Stxjfl  or  caprojfU 
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CHAPTEE  IV. 

irtnCBBICAL  BSLATI058  OT  XQUIYALBNT  MUMBBB8. — 
BINABT  THBOBT  07  SALTS. 

Numerical  relations  qf  equivalent  numbers,  213.  The 
views  of  Trout,  Thomson,  and  Dumas,  on  the  atomic 
weigfhts  qf  bodies,  213.  2%e  views  of  Berzelius  and  Stas 
on  the  atomic  weights  of  bodies,  218.  Binary  theory  qf 
scUts,  219.  Facts  which  appear  to  support  the  binary 
view,  221.  Both  views  of  the  constitution  of  salts  hypO' 
thetical,  227.  Directions  to  the  binary  theory,  227.  ix* 
ercises,W9. 

213.  Numerical  relation  qf  equivalent  nurnbers^-^AB  the 
atomic  weights  of  carbon,  oxygen,  snlphnr,  bromine,  and 
many  of  the  other  elements,  are  exact  mtdtinles  of  that 
of  hydrogen,  Prout  and  Thomson  considered  that  it  was 
a  law  of  natore  that  the  atomic  weights  of  all  the  other 
elonente  are  diyisible  by  that  of  hydroffen.  If  this  were 
the  case,  it  might  be  supposed  mat  hydrogen  was  the 
only  elementary  body,  and  that  the  larger  and  heavier 
atoms  of  the  other  so-called  elementary  oodles  are  pro- 
duced by  a  combination  of  the  requisite  number  of  atoms 
of  hydrogen*  and  that  these  different  combinations  of  the 
hydrogen  atoms  are  the  cause  of  the  difference  in  pro- 
perties exhibited  by  the  different  bodies.  Dumas  has 
devoted  great  attention  to  this  subject,  and  he  concludes, 
from  the  results  of  his  investigations,  that,  in  a  modified 
sense.  Promt's  law  is  true;  and  he  considers  that  the 
elementary  bodies,  the  atomic  weights  of  which  he  regards 
as  accurately  known,  may  be  arranged  in  three  groups, 
viz.: — 

L  Bodies  which  are  represented  by  multiples  of  a  whole 
number  of  hvdrogen. 

2.  Multiples  by  the  number  0*5  of  that  of  hydrogen. 

3.  Multiples  by  0-25  of  that  of  hydrogen. 

1.  Bodies  which  are  multiples  by  a  whole  number  of 
the  equivident  of  hydrogen: — 
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Molybdenum 
Cadmium 
Tin 

Arsenic  - 
Bromine  - 
Tungsten 
Mercury 
Silver  - 
Antimony 
Iodine  - 
Bismuth.  - 


Hydrogen  - 

-    1 

Carbon 

-    6 

Oxygen     - 

-    8 

Nitrogen  - 

-  14 

Silicon 

-  14 

Sulphur    - 

-  16 

Fluorine    - 

-  19 

Calcium    - 

-  20 

Sodium     - 

.  23 

Iron  - 

-  28 

Phosphorus 

-  31 

-  48 

-  56 
.  59 

-  76 

-  80 

-  92 

-  100 

-  108 
-122 

-  127 
.210 


2.  Multiples  by  0'6  of  the  equivalent  of  hydrogen : — 

Manganese  •  -  27*5  Tellurium  -  -    64*5 

Cobalt  .  -  -  29*5  Barium  -  -    686 

Nickel  -  -  .  29'5  Osmium  •  -    99*5 

Chlorine  -  -  36*8  Lead    -  -  -  103*5 

8.  Multiples  by  0*25  of  the  equivalent  of  hydrogen : — 


Aluminum  - 
Copper 
Zinc    - 


-  13*75 

-  31-75 

-  32-75 


Selenium    - 
Strontium  . 


-  39*75 

-  43*75 


214.  The  relations  exhibited  between  the  members  of 
many  of  these  bodies  which  are  chemically  allied,  are 
often  very  remarkable. 

1.  Thus  it  has  been  observed  that,  in  several  instances 
where  two  elements  are  in  close  chemical  relation  to  each 
other,  they  have  atomic  weights  which  are  identical,  and 
in  others  they  are  nearly  identical,  as  in  the  following 
examples : — 

Cobalt  and  nickel      ...        -  29*5 

Lanthanum  and  cerium     ...  40*0 

Khodium  and  ruthenium  .        »        -  52*1 

Platinum  and  iridium         ...  98*5 

215.  The  following  have  nearly  equal  atomic  weights :-« 
Chromium,  26*7;  manganese,  27*5;  iron,  28.  Copper* 
81*75,  and  zinc,  32*75.  Platinum,  98*7;  iridium,  98'7; 
and  osmium,  99*6. 

2.  In  other  cases,  the  ratio  of  the  atomic  weights  is  as 
1  to  2 ;  for  instance : — 
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Oxygen       =      8  j      Sulphur        =    16 

Alaminmn  =    13*75      |     Manganese  =    27*5 

3.  We  are  enabled  to  arrange  tHe  various  substances 
reputed  elementary,  by  certain  resemblances,  into  various 
well-marked  groups ;  and  those  composing  the  same  group 
are  capable  of  substituting  one  another  in  compounds, 
without  altering  the  general  character  of  the  body.  Such 
a  group  is  the  triad — chlorine,  bromine,  iodine.  Now,  all 
the  essential  qualities  of  bromine  are  intermediate  between 
those  of  chlorine  and  iodine,  and  so  is  its  atomic  weight. 
Thus,  could  we  by  any  means  take  half  an  atom  of 
chlorine,  and  add  to  it  half  an  atom  of  iodine,  we  might 
expect  to  produce  bromine.  Similar  triads  are  founain 
sulphur,  selenium,  and  tellurium ;  lithium,  sodium,  and 
potassium ;  and  calciimi,  strontium,  and  barium.  It  is  a 
curious  and  interesting  fact  that  several  members  of  any 
one  of  these  triads  are  generally  found  together. 

216.  Pespretz  has  attempted  to  ascertain  whether 
certain  of  the  so-called  elements  are  decomposable ;  and 
he  concluded  from  his  researches  that  they  are  incapable 
of  decomposition.  Dumas,  in  reply  to  Despretz,  prefaced 
his  remarks  by  presenting  the  following  table,  which 
exhibits  an  interesting  relation  between  the  equivaJents  of 
certain  simple  and  compoimd  bodies : — 

Fl  19,  CI  36*5,  Br  80, 1 127     )  ■niffi,,,^,,  . 
N  14,  P  31,      As  76,  Sb  122  J  ^^^^ence,  5. 

Mg  12-26,  Ca  20,  Sr  43-76,  Ba  68*5,  Pb  103-5  >  j^^.  . 
O  8,  S  16,    Se  39*75,  Te  64*6,  Os    99-5  S  ^^'  ^ 

Ammonium  18,  Methylamine  32,Ethylamine  46, ) 

Propylamine,  60,  &c. (  -p.. /p  « 

Methyfium:i5,  Ethylium  29,  Propyhum43,  Bu-  f  ^^^'  '^' 
tylium,  67,  &c. J 

217.  Since  the  radicals  (elements)  in  mineral  chemistry 
present  the  same  general  relations  as  those  in  organic, 
bumas  believes  there  is  reason  for  bringing  the  two 
branches  more  closely  together  than  is  usually  done.  We 
can  decompose  the  latter,  and  there  is  no  proof  that  we 
may  not  decompose  the  former.  He  thus  sums  up  his 
conchisionB  :*— (1.)  The  compounds  which  the  three  king- 
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doms  offer  for  our  study,  are  reduced  by  analysis  to  a 
certain  number  of  radicals,  which  may  he  groxiped  in 
natural  families.  (2.)  The  characters  of  these  families 
show  incontestable  analogies.  (3.)  But  the  radicals  of 
mineral  chemistry  differ  from  the  others  in  this, — ^that  if 
they  are  compounds,  they  have  a  degree  of  Btabihty  so 
great  that  no  known  forces  are  capable  of  producing  their 
decomposition.  (4.)  The  analogy  authorises  the  ihquirj 
whether  the  former  may  not  be  compoxmd,  as  well  as  the 
latter.  (5.)  It  is  necessary  to  add,  that  the  snalogy  {pves 
us  no  light  SB  to  the  means  of  causing  this  decomposition  ; 
and  if  ever  to  be  realized,  it  will  be  by  methods  or  forces 
yet  unsuspected. 

218.  As  the  atomic  weights  of  most  bodies  are  not  mul- 
tiples by  whole  numbers  of  that  of  hydrogen,  Berzelius 
regarded  the  occasional  near  diyisibility  of  these  weights 
by  that  of  hydrogen,  as  merely  accidental.  And  Stas, 
who  has  recently  published  a  long  and  most  laborious 
series  of  researches  upon  the  atomic  weights  of  the 
elements,  considers  that  the  law  of  Frout  is  a  pure  illusion, 
and  he  thinks  we  should  regard  the  indecomposable 
substances  of  our  globe  as  distinct  bodies,  having  no  simple 
relations  between  their  atomic  weights;  and  that  the 
undeniable  analogy  in  properties,  which  is  observed  in. 
certain  of  the  elements,  must  be  sought  for  in  other 
causes  than  those  derivable  from  the  relations  in  weight 
of  their  acting  masses. 

219.  Binary  theory  of  salts, — ^In  a  former  work*  we 
gave  the  view  of  the  constitution  of  salts  which  is  most 
generally  received.  According  to  this  view,  salts  are 
subdivided  into  two  classes ;  to  the  one  class  belong  all 
salts  made  up  of  an  oxygen  acid  and  an  oxygen  base ; 
they  are  therefore  called  oxygen  salts.  To  the  other  class 
belong  all  salts  formed  by  the  union  of  the  radicals  in 
hydrogen  acids  with  some  metal.  These  binary  salts 
are  caUed  haloid  salts  (from  aXc,  sea-salt,  and  «^oc,  form), 
because  they  are  constructed  upon  the  same  plan,  or  type, 
as  sea-salt.  As  the  two  classes  of  salts  resemble  esich 
other  in  properties,  Davy  considered  they  might  be  con- 
structed upon  the  same  plan  or  type,  and  that  instead  of 
regarding  oxygen  salts  as  composed  of  an  oxide  of  a 

*  The  "  Fint  Btep  in  Chemiftey.'* 
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metalaxid  the  anhydride  of  an  hydrated  oxygen  acid, 
they  might  be  regarded  as  composed  of  a  metal  and  a 
compound  salt  ramcal,  haying  the  same  chemical  relations 
as  the  radicals  in  the  hydrogen  acids.  According  to  this 
view,  snlphnric  acid  and  the  snlphates  are  thus  repre- 
sented :  —  H.  S  0«  M.  S  O4 :  and  nitric  acid  and  the 
nitrates  thns :  —  H.  N  O.,  M.  N  0«.  The  salt  radical, 
BO.,  is  called  snlphion.  The  compounds  formed  hv  a 
eomoination  of  it  with  the  metals  or  nydrogen,  are  called 
snlphionides.  H.  S  O4,  is  called  snlphionide  of  hydrogen ; 
Na,  8  O4  is  called  snlphionide  of  sodium,  &o.  In  the 
same  way,  N  0^  is  called  nitration ;  its  compounds  with 
the  metals  and  nydrogen  are  called  nitrationides ;  H  N  O. 
is  called  nitrationide  of  hydrogen,  and  Na  IS^  O^  is  called 
nitratiomde  of  sodium.  Sec,  '*  The  class  of  oxygen  acid 
salts  is  thus  abolished,  and  they  become  binary  com- 
pounds, like  the  chlorides  and  cyanides.  Even  oxygen 
acids  themselTCs  can  no  longer  be  recognised.  It  is  not 
sulphuric  acid  (S  O,),  but  wnat  was  formerly  viewed  as 
its  compoimd  with  water,  that  is  the  acid,  and  it  is  a 
hydrogen  acid. 

220.  "On  this  yiew,  it  is  obrious  that  the  acid  and 
salt  are  really  bodies  of  the  same  constitution ;  hydro- 
chloric acid  being  the  chloride  of  hydrogen,  as  common 
salt  is  the  chloride  of  sodium,  and  sulphuric  acid,  and 
sulphate  of  soda,  being  the  sulphionides  of  hydrogen  and 
of  sodium.  The  acid  reaction  and  sour  taste  are  not 
peculiar  to  the  hydrogen  compound,  and  do  not  separate 
it  from  the  others ;  the  chloride,  snlphionide,  and  nitra- 
tionide of  copper  being  nearly  as  acid  and  corrosive  as  the 
chloride,  sulphionide,  and  nitrationide  of  hydrogen,  and 
clearly  bodies  of  the  same  character  and  composition ; — 
the^  are  all  equally  salts  in  constitution.  The  term 
'  acid*  is  not  absolutely  required  for  any  class  of  bodies 
included  in  the  theory,  and  might,  therefore,  be  dropped, 
if  it  were  not  that  an  inconvenience  would  be  felt  in 
having  no  common  name  for  such  bodies  as  anhydrous 
s^phuric  acid,  S  O, ;  anhydrous  nitric  acid,  1?  O, ;  sul- 
phurous acid,  8  O, ;  carbonic  acid,  C  Oj,  Ac.  To  these 
substances,  which  nrst  bore  the  name,  it  should  now  be 
confined.  In  considering  the  generation  of  salts,  three 
orders  of  bodies  would  be  admitted,  as  in  the  following 
tabular  exposition  of  a  few  examples : — 
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I. 

The  acid. 

11. 

ThenltnaicaL 

m. 

The  nit. 

SO,     . 
NO.    - 

-  SO,     . 

-  NO,    - 
NC,    - 
CI 

-  S  0,  +  H  or  a  metal 
.    NO.+  H        „ 

-  NC,  +  H       „ 

-  Cl  +  H       „ 

"  The  first  term  of  the  series,  or  *  the  acid,'  is  wanting^ 
in  the  last  two  examples,  and  that  is  the  peculiarity  of 
those  bodies  which  constituted  the  original  dasa  of 
hydrogen  acids  and  their  salts ;  while  to  the  old  class  of 
oxygen  acid  salts,  both  an  acid  and  a  salt  radical  can  be 
assigned,  as  in  the  first  two  examples." — Ghraham. 

2121.  According  to  the  salt-radical  theory,  the  three 
modifications  of  phosphoric  acid  are  explained  by  sup* 
posing  that  each  modification  contains  a  different  sailt 
radical.    Thus : — 

Ordmary  view.  BinaiTTiew. 

Monobasic  phosphoric  acid  -     H  O,  P  O,  -  H,  P  O^ 
Bibasic  „  „    -  2HO,  PO,  -  H„  PO, 

Tribasio  „  „    -  3H0,  PO,  -  H„  PO, 

By  the  old  view,  the  acid  P  O5,  can  combine  with  water 
in  three  different  proportions.  This  is  also  the  case  with 
the  acid  SO,,  as  we  know  three  distinct  hydrates  of 
sulphuric  acid,  viz.,  HO,  SO,;  2 HO,  SO,;  and 
3H  O,  S  O,.  Each  of  these  hydrates  of  sulphuric  acid 
is  neutralized  by  one  equivalent  of  base,  and  therefore 
the  same  salt,  composed  of  one  equivalent  of  base,  and 
one  of  acid,  is  produced  in  each  case.  But  this. is  not  the 
case  with  phosphoric  acid;  its  capacity  of  saturation 
depends  upon  its  state  of  hydration,  and  therefore  the 
three  hydrates  ^ve  rise  to  three  different  classes  of  salts. 
H  O,  P  O4  requires  but  one  equivalent  of  base  to  form  a 
neutral  salt,  while  the  acid  2  HO,  P  O,  requires  two  equi- 
valents, and  the  acid  3  H  O,  P  O5,  requires  three  equi- 
valents of  base  to  form  neutral  salts.  Upon  the  old  view 
of  the  constitution  of  acids  and  salts,  no  satisfactory 
reason  can  be  assigned  for  the  cause  of  this  difference ; 
but  the  binary  view  gives  one  which  appears  to  be  per- 
fectly satisfactory.  According  to  this  view,  the  three 
so-called  hydrates  differ  from  each  other  by  containing 
a  different  salt  radical,  united  with  a  different  quantity  of 
hydrogen  and  as  neutral  salts  are  formed  &om  hydrogen 
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adds,  by  the  substittition  of  a  metal  for  the  hydrogen 
they  contain,  the  different  modifications  of  ])bo8phorie 
acict  owing  to  their  containing  different  atomic  propor- 
tions of  replaceable  hydrogen,  reqnire  different  propor- 
tiona  of  base  to  neutralize  them,  and  accordingly  they 
giye  rise  to  different  classes  of  salts.  Sulphuric  acid, 
althoagh  it  combines,  according  to  the  old  yiew,  with 
water  in  three  different  proportions,  giying  rise  to  three 
Merent  hydrates,  forms  only  one  class  of  salts,  because 
the  three  hydrates  contain  the  same  quantity  of  hydrogen, 
replaceable  by  a  metal,  as  will  be  seen  when  the  formul® 
are  written  according  to  the  binary  yiew,  thus, — H  S  O. ; 
HSO„HO;  HS0,.2H0. 

222.  The  binary  yiew  of  the  constitution  of  the  phos- 
phates appears  to  reoeiye  support  from  the  changes 
which  the  three  classes  of  salts  undergo  when  subjected 
to  electro-chemical  decomposition.  The  salts  are  decom- 
posed; the  acids  travel  wnaliered.  A  tribasio  salt  giying, 
at  the  positiye  electrode,  a  solution  of  the  tribasic  acid ;  a 
bibasic  salt,  a  solution  of  the  bibasio  acid  ;  and  a  mono- 
basic salt,  a  solution  of  the  monobasic  acid.  The  con- 
yenion,  by  ignition,  of  ordinary  phosphate  of  soda 
(2NaO,H:0,TO,  +  24aq.)  into  bibasic  phosphate  of 
soda,  and  acid  phosphate  of  soda  (Na  O,  2  H  O,  P  0«) 
into  monobasic  phosphate  of  soda,  can  be  satisfactorily 
explained  on  the  binary  yiew.  Example : — ^When  ordi- 
B^  phosphate  of  soda  is  exposed  to  a  temperature  of 
30Cr  F.,  the  24  atoms  of  water  of  crystallization  are  ex- 
pelled ;  the  dried  salt,  when  dissolyed  in  water,  giyes  all 
the  chemical  reactions  of  the  original  salt;  and  if  the 
solution  be  eraporated  to  dryness,  the  phosphate  of  soda 
is  obtained  in  its  original  crystalline  form;  but  if  the  dry 
residue  be  heated  to  redness,  an  additional  atom  of  water 
escapes,  and  on  dissolying  the  residue  in  water,  the 
nhosphate  is  fotmd  to  be  transformed  into  a  phosphate 
belonging  to  another  class.  The  explanation  of  the  change, 
according  to  the  binanr  theory,  is  this : — The  formula  of 
phosphate  of  soda  is  2NaH,  PO,  +  24iaq. ;  it  can  lose 
uie  24  atoms  of  water  without  altering  its  constitution ; 
but  when  the  hydrc^en  is  expelled,  it  remoyes,  on  its 
expulsion,  one  atom  of  oxygen  from  the  salt-radical,  and 
conyerts  it^  by  this  remoTul,  into  another  salt-radical, 
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P  O7,  wMoh  is  bibasio.  In  like  maimer,  if  acid  phosphate 
of  soda,  Na  H,  P  0„  be  heated  to  redness,  the  two 
atoms  of  hydrogen  are  expelled,  and  they  remote  two 
atoms  of  oxygen  from  the  salt-radical,  and  convert  it, 
by  this  removal,  into  another  salt-radical,  P  O^,  which 
is  monobasic. 

223.  "  One  remarkable  consequence  dedncible  from  the 
theory  ander  consideration  is,  that  those  oxides  which 
most  easily  lose  oxygen,  should  most  readily  replace  by 
their  metal  the  hydrogen  of  the  acid.  This  is  found  to 
be  the  case.  For  example — ^potash  can  only  replace  by 
potassium  two  of  the  three  equivalents  of  hydrogen 
m  cyanurio  acid,  and  one  of  the  two  equivalents  of 
hydrogen  in  fulminic  acid,   forming  the   compoimds — 

Cy,  Oe  g"  >  and  Cy,  O4  ^  >  ,  wlule,  with  oxide  of  silTer» 

an  easily  reducible  oxide,  the  replacement,  as  before 
mentioned,  is  complete.  This  fact  furnishes  an  almost 
irresistible  argument  for  the  existence  of  hydrogen,  as 
such,  in  acids ;  and  further  explains  the  formerly  unac- 
countable fact,  that  the  neutral  sslts  formed  by  the 
action  of  oxide  of  silver  on  organic  acids,  are  always 
anhydrous."  If,  in  acids,  the  hyc&ogen  existed  combined 
with  oxygen,  as  water,  it  ought  to  be  expelled  most 
readily  by  the  strongest  bases ;  whereas  Ihe  reverse  is  the 
fact,  as  shown  by  the  above  examples. 

224.  The  liberation  of  hydrogen,  on  the  addition  of 
sulphuric  acid  to  zinc,  can  be  explained  in  a  simple  and 
philosophical  manner  by  the  binary  theoiy ;  the  hydrogen 
IS  simply  displaced  in  its  combination  with  sulphion  by  the 
zinc ;  whereas,  upon  the  old  hypothesis,  the  explanation 
is  most  unsatisfactory.  The  zinc,  according  to  this  view, 
does  and  does  not  decompose  water.  It  decomposes  water 
when  that  compound  is  combined  with  an  oxygen  acid, 
but  it  does  not  decompose  the  water  when  that  compound 
is  free. 

225.  The  phenomena  which  attend  the  decomposition 
of  the  oxysalts  in  the  voltaic  circle,  admit  of  the  most 
satisfactory  explanation  on  the  binary  theory.  It  is  a 
fundamental  law  of  voltaic  action,  that  the  amount  of 
force  circulating  in  any  circuit  at  the  same  time,  is  equal 
in  every  vertical  section  of  the  circuit,  and,  consequently, 
its  decomposing  energy  in  each  section  must  also  be 
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eqiuJ ;  and  an  atom  of  any  electrolyte  requires  for  its 
decomposition  the  same  quantity  of  electricity  as  an  atom 
of  any  other.  Thus  the  quantity  of  electricity  which  will 
decompose  one  atom  of  water,  will  decompose  one  atom  of 
ehlorioe  of  lead,  one  of  oxide  of  sUyer,  or  one  atom  of  any 
electrolyte.  Now,  on  decomposing  an  oxysalt  of  the 
alkalies  or  alkaline  earths, — say  smphate  of  soda, — for 
erery  atom  of  water,  or  chloride  of  lead,  which  is  decom- 
posed in  the  yoltameter  placed  in  the  course  of  the  circuit, 
one  atom  of  8  O3,  and  one  atom  of  oiygen,  accumulates  at 
one  electrode  (the  zincode),  whilst  one  atom  of  soda,  and 
one  of  hydrogen,  is  set  free  at  the  other  electrode  (the 
vlatinode) ;  jet  we  have  stated  that  it  is  a  fundamental 
law  of  Toltaic  action,  that  the  amount  of  force  circulating 
in  any  circuit  at  the  same  time,  is  equal  in  eyery  yerticu 
section  of  the  circuit ;  and,  consequently,  its  decomposing 
energy  in  each  section  must  also  oe  equal.  Also  that  an 
atom  of  any  electrolyte  requires  for  its  decomposition  the 
same  quantity  of  electricity  as  an  atom  of  any  other ; 
yet  for  eyery  atom  of  the  electrolyte  decomposed  in  the 
yoltsmeter,  we  have  one  equivalent  of  sulpnate  of  soda, 
snd  one  equivalent  of  water,  decomposed.  Now,  on  the 
hinarv  theory,  sulphate  of  soda  is  not  composed  of  soda 
snd  S  0„  but  sooium  and  sulphion  (S  O^) ;  the  sodium, 
tiiierefore,  is  liberated  at  the  platinode,  whilst  sulphion  is 
liberated  at  the  zincode.  But  the  sodium  cannot  exist  in 
a  free  state  in  the  presence  of  water,  and  sulphion  cannot 
exist  free ;  both  the  simple  and  compound  radical,  there- 
fore, decompose  water  as  soon  as  they  are  liberated ;  the 
sodium  comoines  with  the  oxygen,  setting  the  hydrogen 
free,  whilst  the  sulphion  combines  with  hydrogen,  set- 
ting the  oxygen  free :  therefore,  hydrogen  is  Bberated 
along  with  soda  at  the  platinode,  and  oxygen  is  liberated 
along  with  sulphionide  of  hydrogen  at  the  zincode ;  and 
in  equiyalent  proportions,  because  an  atom  of  water  is 
decomposed  by  every  liberated  atom  of  sodium,  and  an 
atom  of  water  by  eyery  liberated  atom  of  sulphion. 
According  to  this  explanation,  only  one  atom  of  one 
electrolyte  sulphionide  of  sodium  is  decomposed,  for  each 
atom  of  the  electrolyte  which  is  decomposed  in  the  volta- 
meter, as  the  decomposition  of  the  water  is  occasioned,  as 
we  have  seen,  by  a  secondary  action.  If  the  metal  of  the 
salt  is  one  which  does  not  decompose  water  at  ordinary 
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temperatures,  tlien  no  hydrogen,  bat  onlj  the  metal  in  its 
nnoombined  stdte,  is  set  free  at  the  platmode,  whilst  sal- 
phionide  of  hydrogen  and  oxygen  are  found  at  the  ainoode* 
owing  to  the  sulphion  decomposing  water.* 

226.  Kopp  considered  that  the  oinary  theory  of  salts 
was  supported  by  the  atomic  Tolome  of  salts,  bat  Fillu)l 
has  shown  that  tlie  experimental  results  may  be  explained 
quite  as  well  by  the  older  riew  of  the  constitution  of 
salts ;  we  shall,  therefore,  defer  noticing  Kopp's  yiewB 
until  we  come  to  consider  the  atomic  yolume  or  solids. 

227.  Qoth  views  of  the  constitution  of  salts  are  hypo- 
thetical, and  although  manj  chemical  changes  can  be 
explained,  as  we  haye  seen,  m  a  more  simple  and  philo- 
sophical manner  by  the  binary  yiew  than  by  the  old  aae, 
yet  there  are  many  objections  to  the  binary  theory,  and 
it  will,  probably,  ^iye  place  to  other  ana  stiU  newer 
yiews  of  the  constitution  of  salts,  which  we  shall  pre- 
sently bring  before  the  attention  of  the  student.  Oar 
objection  to  the  salt-radical  theory  is  the  necessity  of 
creating  a  great  number  of  compound  radicals,  wnu^ 
neyer  have  and  probably  neyer  wUl  be  isolated,  such  as 
S  O4,  N  0«,  C  Ot,  &c.  Another  objection  Professor  Miller 
thus  states : — "  It  appears  to  be  highly  improbable  that 
a  body  of  such  powerful  affinities  as  potash  should*  in 
carbonate  of  potash  for  example,  part  with  its  oiygen 
to  a  substance  which,  like  carbonio  acid,  exhibits  no 
tendency  to  further  oxidation,  so  that  K  O,  C  0„  should 
become X  CO,." 

228.  Hess  obseryes  on  Daniell's  theory,^"  The  theory 
which  regards  sulphate  of  soda  as  ^a  S  O4,  certainly 
affords  the  simplest  explanation  of  its  electrolysis.  Since, 
howeyer,  many  weighty  reasons  may  be  urged  against 
the  adoption  of  this  hypothesis,  the  following  explanation 
may  for  the  present  be  admitted.  Sulphate  of  soda  is 
Na  O,  S  Of ;  deoompositioa  by  the  electric  current  is 
exerted  only  on  the  soda  (since,  by  Faraday's  law,t  S  Os 
is  incapable  of  direct  decomposition).  Sodium  separates 
at  ilie  negatiye  pole,  where  it  decomposes  water  and 

*  The  Btodent  who  desires  to  ponue  the  enbjeot  farther  is  reftrred  to 
the  seoond  part  of  Miller's  "  Blements  of  OhiomiMiry"  or  to  the  original 
msmoirB  oa  this  subieot  by  Dn.  Daniell  sad  Miller,  in  the  '*  FhiL  Trm," 
1844. 

t  See  tlie  Antlior's  «*  First  Step  in  Ohemistiy,"  8rd  edition,  p.  1771 
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yields  sodA  and  hydrogen  gas.  The  oxygen  which  was 
combined  with  the  sodinm  is  transferred,  together  with 
the  solphoric  acid,  to  the  adjacent  atom  of  sodium.  An 
atom  of  oxygen  is  set  free  at  the  positive  pole  ;  and  since 
the  sodinm  which  was  combined  with  it  goes  towards  the 
ne^tiye  pole,  the  sulphtiric  acid  is  set  free  by  secondary 
action,  or  rather  it  passes  from  its  state  of  combination 
with  soda  into  that  of  combination  with  water.  In  the 
case  of  snlphate  of  copper,  &c.,  similar  actions  take  place, 
excCTiting  that  the  metal  liberated  by  the  current  does 
not  decompose  water. 

2S9.  The  formulae  of  the  following  salts  must  now  be 
written  out  in  accordance  with  the  bmary  theory. 
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110.  Bisulphate  of  soda. 

111.  Sulphate  of  alumina. 

112.  Nitrate  of  ammonia. 

113.  Chlorate  of  potash. 

114.  Bromate  of  soda. 

115.  Sulphate  of  potash  and  magnesia. 

116.  Phosphate  of  silver  (monobasic  phosphate). 

117.  Phosphate  of  alumina        „  „ 

118.  Phosphate  of  silver  (bibasic  phosphate). 

119.  Phosphate  of  alumina    „  „ 

120.  Phosphate  of  silver  (tribasic  phosphate). 

121.  Phosphate  of  alumina    „  „ 
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CHAPTEE  V. 

POLTUOSPHISM,  FSBUDOMOSFHISM,  IS0M0BFHI8K. 

IHmGrphism,  230.  Trimorphism,  231.  Influence  of 
heat  in  causing  bodies  to  crystallize  in  one  system  or 
anot&e^\  233.  2%e  different  crystalline  forms  of  the  same 
suhfitance  not  of  equal  stability ,  234.  Examples.  Tso^ 
dimorphism,  235.  JExamples.  The  same  substance  in 
Hh  different  crystalline  forms  differs  in  its  physical  cAa- 
ra^terA\  236.  JExamples.  List  of  dimorphous  bodies, 
237*  Pseudomorphism,  238.  2^  processes  by  whiek 
pseud<imorphs  are  produced,  240.  Isomorphism,  243. 
Mehamour  qf  two  or  more  non-isomorphous  crystalline 
suytaneea  in  the  same  solution  during  crystallization, 
244.  Behaviour  of  two  or  more  isomorphous  crystalline 
tuhstancf^s  in  solution  during  crystallizaiion,  246.  In- 
im^mixture  qf  isomorphous  substances  in  minerals,  249. 
IhhU  of  some  qf  the  most  important  groups  qf  isomor^ 
phouji  .substances,  251.  Graham's  opinion  upon  the  tso^ 
morphfms  relations  qf  water,  252.  Scheerer  s  view  upon 
the  isomorphous  relations  qf  water,  263.  Polymeric  iso^ 
mm^phi^mt  254.  The  method  for  deducing  the  rational 
fiyrmiihi  for  compounds  containing  isomorphous  coneti' 
iueniSf  255.  System  qf  notation  employed  in  minerO' 
loaical  works,  259.  Exercises,  The  different  reasons 
which  Ji4xve  been  suggested  in  explanation  of  the 
phenome^ia  of  isomorpKtsm,  261.  Kopp*s  view  that  iso^ 
morphous  bodies  have  the  same  equivalent  volume,  263. 
Some  of  the  views  held  upon  bodies  with  like  forms 
h%i  unlike  constitutions,  265.  The  chief  points  which 
have  been  brought  bqfore  the  notice  qf  the  student,  266. 
Aid  derived  from  isomorphism  in  determining  equiva-- 
lents,  268. 

230.  FoLYMOBPHisM. — Some  elementary  and  compound 
bodies  are  capable  of  assuming  two  distinct  crystalline 
fotma ;  substances  which  can  tnns  crystallize,  according 
to  ttro  different  systems,*  are  called  dimorphous  (&om 

*  TbE  tiT^iiMs  and  definitiona  of  the  six  178101118  into  which  oiystoli  ue 
mbiivided^  ore  giYen  M  p.  142. 
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9iCi  twice,  and  fMp^i},  shape),  and  the  pHenomenon  itself 
has  received  the  name  or  dimorphism.  Example. — The 
crystals  of  carbonate  of  lime  in  calcareous  spar  and  in 
arragonite  belong  to  different  systems  of  crystallization. 

231.  Some  substances  are  eren  trimorphous,  that  is, 
ihey  crystallize  in  three  different  systems.  Both  the 
seleniate  of  zinc  (Zn  O,  Be  Ot  +  7  aq.),  and  snlphate  of 
zino  (Zn  O,  S  O,  +  7  aq.),  and  ike  seleniate  of  nickel 
(Ni  O,  Se  Oa  -h  7  aq.),  and  sulphate  of  nickel  (Ni  O, 
S  0«  +  7  aq.),  according  to  Mitscherlich,  exhibit  this 
peculiarity* 

232.  Laurent  and  Pasteur  hare  obserred  that  the  forms 
of  dimorphoujB  crystals  border  upon  the  limits  of  the  two 
systems,  and  under  the  influence  of  certain  determining 
conditions,  can  pass  easily  out  of  the  one  into  the  other 
system. 

233.  Whether  a  body  shall  crystallize  in  one  system 
or  another  seems  to  depend  chiefly  on  temperature. 
Examples. — Carbonate  of  lime  artificially  prepared  takes 
the  form  of  calc-spar  or  arragonite,  according  as  it  is 
precipitated  at  the  temperature  of  the  air  or  near  the 
Doihng  point  of  water.  Sulphur,  in  crystallizing  from 
solution  in  bisulphide  of  carbon  or  in  oil  of  turpentine, 
at  a  temperature  under  100°  F.,  forms  octohedrons  with 
rhombic  bases,  but  when  melted  by  itself  and  allowed  to 
cool  slowly,  it  assumes  the  form  of  an  oblique  rhombic 
prism  on  solidifying  at  232°  F.  Crystals  formed  at  one 
particular  temperature,  and  then  exposed  to  that  tem- 
perature-at  which  the  substance  assumes  its  other  crys- 
talline form,  freauentl^  become  changed,  without  altera- 
tion of  external  form,  into  an  aggregate  of  small  crystals 
of  the  latter  kind;  the  change  mm  one  form  to  the 
other  is  often  attended  with  a  change  in  the  crystals 
from  transparency  to  opaqueness.  Example. — We  have 
already  noticed  that  sulphate  of  nickel  crystallizes  in 
three  forms  ;  "  it  crystallizes  below  69''  F.  in  right 
rhombic  prisms;  between  59^  and  68**  in  acute  square- 
based  octohedrons ;  and  when  the  tomperature  is  above 
86*  in  oblique  rhombic  prisms.  In  the  first  case,  the 
crystals  belong  to  the  prismatic ;  in  the  second  to  the 
pyramidal,  and  in  the  third  to  ilie  oblique  system.  If  the 
nght  rhombic  crystals  be  placed  in  the  summer's  sun 
for  a  few  days  they  become  opaque,  but  still  retain  the 
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form  of  ihe  prism,  which  is  found,  ^hm  broken,  to  can* 
siflt  of  a  mass  of  octahedrons" 

234.  The  two  or  three  forms  are  not,  however,  of  equal 
stability.  "  One  of  the  forms  appears  to  be  the  stable 
condition  of  arrangement ;  the  other  forms  appear  to  be 
produced  by  the  sudden  fixation  of  the  moleci^Ies,  in  a 
torm  which  is  natur^Jly  only  transitiye,  and  from  which 
they  free  themselves  as  soon  as  the  external  circumstances 
admit  of  their  suitable  motion  amongst  each  other."  A 
change  ^temperature  is  sufi&cient  to  produce  this  altera- 
tion m  form.  In  some  cases  it  can  be  brought  about  by 
mere  rubbing;  and  in  others  it  appears  to  be  produced 
mthout  the  aid  qfany  external  agent.* 

XXAMPLE0. 

1.  When  a  prism  of  arragonite  is  heated  in  the  flame  of 
a  spirit-lamp,  it  breaks  up  into  a  congeries  of  little 
rhombs  of  common  calc-spar,  at  a  temperature  far  below 
that  at  which  the  carbonate  lime  commences  to  be  de- 
composed ;  but  no  alteration  of  temperature  can  convert 
calc-spar  back  again  into  arragonite.  Indeed,  arragonite 
appears  to  be  formed  only  between  very  narrow  limits  of 
temperature.  We  have  noticed  (233)  that  at  212^  P., 
artincially  prepared  carbonate  lime  takes  this  form,  but 
below  that  point  it  takes  the  form  of  calc-spar;  and 
we  now  see  that  at  temperatures  higher  than  212^  f ., 
arragonite  becomes  converted  into  calc-spar. 

2.  Proto-iodideof  mercury  separates  from  solution,  and 
likewise  sublimes  at  a  very  gentle  heat,  in  scarlet  tables, 
belonging  to  the  square  prismatic  system;  but  when 


*  In  solid  bodies,  a  differeno9  of  xnoleoolar  ftraoivre,  AUlj  oquiTalMit  to 
thftt  to  whioh  dimorphiBm  mar  be  referred,  is  oa^wble  of  being  produced  bj 
▼ery  simple  means.  Thus,  when  a  plate  of  glass  is  compressed  bj  meana  of 
a  screw,  it  assomea  a  doubly  refracting  stmotnre,  and  gives,  with  polarisod 
light,  a  cross,  and  rings,  yarionsly  disposed,  according  to  the  directioin  of 
the  pressure.  In  this  case,  the  change  of  structure  arises,  necessarilj,  froza 
an  increase  of  density  in  the  compressed  portions ;  but  the  same  effect  may  be 
produced  by  tbe  cooTorse  prooess.  A  plate  of  glass  which  has  been  sud- 
denly  cooled  from  haring  been  red-hot,  assumes  a  similar  double  refracting 
and  polarising  structure,  although  here  the  density  is  diminished,  in  placa 
of  being  increased.  I  have  found  the  specific  gravity  of  glass,  sudaenlr 
chilled,  to  be  about  *^  less  than  that  of  glass  of  the  same  kind  which  had 
cooled  slowly,  indicating  that  the  Tolume  was  the  same  that  it  had  occupied 
at  a  dull  red  heat,  andthat  hence  the  internal  molecules  were  arranged  ao 
as  to  ooQUBy  »  greater  space  tbaa  in  the  U4ttal  oonditi<». — Sw  H,  Kvm. 
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eub^ed  at  a  higlier  temperature,  in  sulplinr-yellow 
rhombic  tables,  of  tke  oblique  prismatic  system.  The 
red  crystals  turn  yellow  as  often  as  they  are  heated,  and 
resume  their  red  tint  on  cooling.  The  yellow  crystals 
obtained  by  sublimation  retain  their  colour  when  cooled ; 
but  on  the  slightest  rubbing  or  stirring  with  a  pointed 
instrument,  the  part  which  is  touched  timis  scarlet ;  and 
this  change  of  colour  extends  with  a  slight  motion,  as  if 
the  mass  were  ali^e,  throughout  the  whole  group  of 
erystais,  as  far  as  the^;  adhere  together.  In  this  ease, 
me  yellow  crystals  retain  th^r  external  form  unchanged, 
while  the  compound  atoms  must  have  taken  up  the  relatiye 
position  whica  belongs  to  the  red  crystals;  the  yellow 
oiystals  are  therefore  peeudomorphous.  The  same  orjrstals 
turn  yellow  every  time  they  are  heated,  and  red  again  on 
cooHm.  The  original  red  crystals  also  turn  yellow  when 
beated,  and  retain  this  colour,  after  cooling,  for  seyeral 
days,  even  when  touched  with  foreign  bodies;  and  at 
length  spontaneously,  but  very  slowly,  resume  their  red 
eolonr.  When  the  red  crystals  are  sublimed  at  a  very 
gentle  heat,  red  and  yellow  crystals  sublime  together, 
if  a  glass  plate,  having  both  red  and  yellow  crystals  on 
it,  be  wanned  so  gently  tiiat  the  red  ones  do  not  change 
colour,  but  sublimation,  nevertheless,  goes  on,  both  red 
and  yellow  crystals  collect  on  a  plate  held  above  the 
foimer.  Now,  since  the  upper  plate  is  cooler  than  the 
lower,  and  the  Matter  is  not  hot  enough  to  change  the 
colour  of  the  red  crystals,  the  yellow  crystals  in  the  upper 
plate  can  have  only  come  from  those  of  the  same  colour  on 
the  lower ;  they  must,  therefore,  have  subhmed  as  yellow 
crystals,  and  the  vapour  of  the  yellow  crystals  must 
be  different  from  that  of  the  red  ones. 

3.  If  melted  sulphur  be  allowed  to  cool  slowly,  till  a 
portion  of  it  has  become  solid,  and  the  still  liquid  portion 
be  then  poured  out,  the  solidified  portion  exhioits  oblique 
ihombic  prisms,  belonging  to  the  oblique  prismatic  system. 
These  are  at  first  perfectly  transparent,  of  a  deep  yellow 
colour,  and  somewhat  harder  and  denser  than  those  of 
Bubhur  crystallized  in  the  cold  ;  but  after  being  kept  for 
a  few  days  at  the  ordinary  temperature,  they  become 
opaque,  of  a  straw-yellow  colour,  and  become  changed 
into  a  mass  of  very  minute  bright  rhombic  octohedrons. 

4,  When    arsenious  acid  is   crystallized  in  rhombic 
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prisms,  it  alters  slowly,  and  eyentnally  becomes  a  doll 
white  niass,  which  is  a  congeries  of  regular  octohedrons ; 
but  if  the  rhombic  form  of  the  acid  be  dissolved  in  muii- 
atic  acid,  and  the  solution  set  to  crystallize,  it  is  deposited 
in  the  octohedral  form,  and  the  formation  of  each  crystal 
is  accompanied  by  a  brilliant  flash  of  light,  indicating, 
probably,  the  moment  of  change  of  molecmar  oonditioii. 

236  When  two  salts  are  iso-dimorphoua — i,  e.,  they  are 
capable  of  crystallizing  in  two  difierent  forms,  which  aze 
similar  each  to  each<— we  generally  find  that  the  stable 
and  more  commonly  occurring  form  of  one  of  the  salts  is 
not  the  stable  and  more  commonly  ocwurring  form  of  the 
other  salt. 

BXAMPLES. 

1.  Carbonate  of  lime,  and  carbonate  of  lead,  are  iso- 
dimorphous.  The  more  stable  form  of  carbonate  of  lime 
is,  as  we  haye  seen,  calc-spar ;  the  more  stable  form  of 
carbonate  of  lead  is  the  same  as  that  of  arragonite,  the 
other  form  of  carbonate  of  lime. 

2.  Nitrate  of  potash,  and  nitrate  of  soda  are  iso- 
dimorphous ;  but  nitrate  of  potash  usually  crystallizes  in 
right  rhombic  prisms,  and  nitrate  of  soda  m  rhomboidfi. 

3.  Arsenious  acid,  and  teroxide  of  antimony,  are  iso- 
dimorphous ;  but  arsenious  acid  generally  crystallizee  in 
regular  octohedrons,  and  teroxide  of  antimony  in  a  form 
belonging  to  the  right  prismatic  system. 

236.  The  same  substance,  in  its  different  crystalline 
forms,  differs  remarkably  in  its  physical  characters ;  and 
these  differences  are  perceptible  even  in  the  finest  par- 
ticles that  can  bo  obtained  by  mechanical  means,  olie 
two  forms  differ  in  hardTiess,  specific  gravity,  and  «<Mne- 
times  in  colour.  In  one  form  the  substance  is  more 
soluble  than  in  the  other.  "  A  body,  in  its  dimorphous 
conditions,  presents  frequently  a  difference  of  chemical 
properties  deserving  of  particular  notice.  The  bistdphide 
of  iron,  in  its  cubical  form,  is  remarkably  permanent,  not 
being  acted  on  either  by  air  or  water;  but  in  its  right 
rhombic  form,  when  exposed  to  moist  ur,  it  absorbs 
oxygen  with  avidity,  and  is  converted  into  a  crystalline 
mass  of  copperas.  On  this  principle  depends,  most 
probably,  the  change  of  molecmar  condition  whi(^  takes 
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place  in  oxide  of  chrome,  peroxide  of  tin,  ziroonia,  and 
alumina,  when  exposed  to  a  temperature  just  below  red- 
nm.  These  substances,  which  had  been  easily  soluble  in 
acids,  become  almost  totally  insoluble,  except  in  boilinff  oil 
of  Titriol ;  and  this  change  is  generally  accompanied  by 
the  spontaneous  ignition  of  the  body,  which  the  tem- 
pjmture  applied  would  be  qxdt«  insufficient  to  produce."* 
The  student  will  haye  noticed  that  the  two  forms  of 
iodide  of  mercury  differ  in  colour.  We  will  now  giye 
two  examples,  the  first  to  show  that  two  forms  differ  in 
specific  gravity ;  the  second  to  show  that  the  substance  in 
one  form  is  more  soluble  than  in  the  other. 

BXAHPLS8. 

1.  The  specific  gravity  of  carbonate  of  lime  in  the  form 
of  calc-spar  is  2*72 ;  in  the  form  of  arragonite  it  is  3*00 ; 
consequently  carbonate  of  lime  possesses  two  different 
atomic  volumes. 

2.  "Nitrate  of  potash  usually  crystallizes  in  prisms  in 
the  form  of  arragonite ;  but  if  a  djrop  of  the  aqueous  solution 
of  this  salt  be  left  to  evaporate  on  a  glass  plate,  and  the 
crystallization  observed  under  the  microscope,  it  will  be 
found  that  side  by  side  with  the  prismatic  crystals,  at  the 
edges  of  the  drop,  a  number  of  obtuse  rhomboids  of  the 
calc-spar  form  are  produced,  just  like  those  in  which 
nitrate  soda  crystallizes.  As  the  two  kinds  of  crystals 
increase  in  size,  and  approach  one  another,  the  rhomboids 
become  roanded  off  and  dissolve,  because  they  are  more 
eanly  soluble  than  the  others,  while  the  arragonite-shaped 
prisms  go  on  increasing  in  size.  When  the  two  kinds  of 
crystals  come  into  immediate  contact,  the  rhomboidal 
ones  instantly  become  turbid,  acquire  an  uneven  surface, 
snd  after  a  snort  time  throw  out  prisms  from  all  parts  of 
their  surfaces.  Contact  with  foreign  bodies  also  brings 
about  the  transformation  of  the  rhomboids  while  they  are 
wet  If  the  drops  are  so  shallow  that  the  liquid  dries 
round  the  rhomboids  before  they  are  disturbed,  they  will 
remain  for  weeks  without  disinte^ting,  and  bear  gentle 
pressure  with  foreign  bodies  without  alteration;  but 
stronger  pressure,  or  scratching,  or  the  mere  contact  of  a 

*  Sir  B.  Kame'»  **Slem«iite  of  Chemiitiy,"  and  edition. 
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prumatio  crystal  of  saltpetre,  caiueB  tbem  to  change,  a 
oelicate  film  proceeding,  as  it  were,  from  the  point  ci 
contact,  and  spreading  itself  oyer  their  surfaces ;  they 
then  behave  towards  foreign  bodies  like  a  heap  of  Biii 
dus);,  but  retain  their  transparency.  The  rhombohedrons 
are  also  transformed,  without  alteration  of  external 
appearance,  when  heated  considerably  abore  100°  O. ; 
they  then  become  much  harder,  because  the  fine  powder 
fijrst  produced  bakes  together  into  prismatic  crystals." 
23/.  The  following  is  a  list  of  dimorphous  bodies  : — 

Sulphur  Carbonate  of  Lime 

CarDon  Carbonate  of  Magnesia 

Copper  Carbonate  of  Iron 

Dinoxide  of  Copper  Carbonate  of  Lead 

Disulphuret  of  Copper  Nitrate  of  Potash 

8ulphuret  of  Silver  Nitrate  of  Soda 

Sulphuret  of  Manganese  Chromate  of  Lead 

Oxide  of  Lead  Sulphate  of  Nickel 

Bisulphuret  of  Iron  Seleniate  of  Zinc 

Iodide  of  Potassium  Sulphate  of  Magnesia 

Biniodide  of  Mercury  Bisulphate  of  Potash 

Bichloride  of  Mercury  Bisulphate  of  Soda 

Protoxide  of  Lead  Sulphate  of  Magnesia 

Arsenious  Acid  Garnet 

Oxide  of  Antimony  Baryto-Calcite. 
Oxide  of  Titanium 

238.  PsBUDOMOBPHiSM. — Pgeudomon>hous  (from  if'cC^ocp 
a  falsehood,  /xop^i},  form)  cryttals  are  those  which  have  the 
composition  of  one  crystaltine  substance  and  the  form  qf 
another, 

(1.)  "  Crystals  sometimes  undergo  a  change  of  composi- 
tion from  aaueous  agency,  or  some  other  cause,  witnout 
losing  their  torm :  for  example,  octohedrons  of  spinel  change 
to  steatite,  still  retaining  the  octohedral  form ;  cubes  of 
pyrites  are  altered  to  r^  or  brown  iron  ore ;  anhydrite 
oecomes  gypsum  by  the  addition  of  water. 

§\)  "Again:  Crystals  are  sometimes  removed  entirely^ 
at  the  same  time,  and  with  equal  progress,  another 
mineral  is  substituted.  For  example,  cubes  of  fluor  spar 
may  be  transformed  to  quartz,  witnout  a  change  of  form. 
The  petrifaction  of  wood  is  of  the  same  kind.  This  pro* 
cess  may  extend  only  to  the  surface  of  a  crystal ;  and  if 
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its  interior  is  subsequeiitly  dissolred  out,  a  hollow  pseu- 
doinorpli  results. 

(3.)  ** Again:  Cavities  left  empty  by  a  decomposed 
crystal  are  refilled  by  another  species,  by  infiltration,  and 
the  new  mineral  takes  on  the  external  form  of  the  original 
mineral,  as  a  fused  metal  copies  the  form  of  the  mould 
into  which  it  is  cast.  A  cubic  crystal  of  salt  in  clay,  for 
example,  is  removed  by  percolating  water,  snd  thecubieal 
cavity  is  afterwards  filled  with  gypsum. 

(4.)  "  Again :  Crystals  are  sometimes  incrusied  over  by 
otber  minerals,  as  cubes  of  fiuor  by  quartz ;  and  when 
the  fluor  is  afterwards  dissolved  away,  as  sometimes  hap- 
pens, hollow  cubes  of  quartz  are  left. 

239.  "  The  pseudomorphs  of  the  first  kind  here  men* 
tloned  are  pseudomorphs  hv  alteration;  those  of  the 
second,  pseudomorphs  bg  replacement ;  those  of  the  third, 
pseudomorphs  by  infiltration;  those  of  the  fourth,  pseu- 
domorphs bg  incrustation, 

240.  "  These  several  processes  are  not  always  whoUy 
distinct,  or  distinguishable  in  the  result.  It  may  be  diffi- 
cult to  determine,  in  the  case  of  many  silicified  crystals, 
whether  there  has  been  a  gradual  replacement  of  the 
mineral  by  the  new  material,  while  removal  was  in  equal 
prepress,  as  is  true  of  petrified  wood,  or  whether  the 
cavity  was  first  formed,  and  then  the  silica  was  infiltrated. 
It  may  be  doubtful  tdso,  in  many  cases,  whether  the 
change  by  incrustation  was  not  actually  a  change  by 
replacement  for  the  exterior  of  the  original  crystal,  and 
then  this  process  ceasing  after  a  thin  layer  of  new  material 
was  formed,  the  remaining  part  of  the  old  crystal  within 
was  subsequently  removed  by  solution.  Much  investiga- 
tion of  the  subject,  and  as  far  as  possible,  a  study  of 
actual  cases  in  progress,  may  be  required,  before  each 
instance  of  pseudomorphism  snail  be  referable  to  its  place 
in  one  of  the  four  divisions  here  laid  down.  The  petri- 
faction of  wood  is  a  plain  instance  of  replacement,  for 
here  every  fibre  of  the  original  wood  is  usually  copied 
with  the  utmost  perfection. 

241.  "  The  process  by  which  pseudomorphs  of  the  first 
two  kinds  (by  alteratwn  and  replacement)  are  produced  is 
chemical  in  its  nature.  In  the  first,  it  depends  on  chemi- 
cal affinities  and  attendant  causes  alone,  acting  either 
with  or  without  water,  and  the  water,  when  present* 
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either  cold  or  heated.  In  the  second,  the  process  of 
solution  and  substitntion  is  not  less  chemical.  When  a 
substance  is  undergoing  the  change  of  state  called  solu- 
tion, the  molecular  forces  are  in  excited  action,  and  if  any 
otiier  substance  is  present  just  then  passing  from  the 
liquid  to  the  solid  state,  the  passage  of  the  former  to  the 
liquid  state  appears  to  aid  by  a  transfer  of  force  or  by 
induction,  in  causing  the  change  to  a  solid  state  in  the 
latter,  molecule  for  molecule,  and  thus  the  replacement  is 
gradual  and  successire,  and  every  minute  stnee  is  copied. 

242.  '*  With  regard  to  pseudomorphs  of  the  last  two 
kinds,  the  process  is  altogether  mechanical.  It  is  simply 
the  filling  of  a  ready  made  mould,  or  the  incrusting  of  a 
model."  * 

243.  IsoMOBPHisM. — Crjstsis  are  subdivided  by  crys- 
tallographers  into  six  classes  or  svstems.t  The  orystala 
belonging  to  the  regular  system  nave  three  equal  axes, 
cutting  one  another  at  right  anj^les.  The  most  important 
forms  of  this  system  are  the  cube,  the  regular  octohedron, 
and  rhombic  dodecahedron.  If  a  body  crystallizes  accord- 
ing to  this  system,  it  is  not  defined  by  saying  it  assumes  the 

*  Dana'B  "  System  of  Mineralogy,*'  3rd  edition.  The  student  is  referred 
to  this  work  for  further  information  on  pseudomorphism ;  the  student  wiU 
find  in  Dana's  work,  and  also  in  PhilUps  a  "  Mineralogy,"  a  liat  of  paeado- 
morphous  minerals. 

t  We  shall  merely  give  the  names  and  definitions  of  the  six  systems, 
referring  the  student  to  the  more  general  works  on  chemistry  for  farther 
infonnation  on  GxyataJaogn^hy. 

I.  RSQVLAB  STSTBX. 

The  forms  of  this  system  are  characterised  by  three  axea  of  equal  lengUi, 
intersecting  at  right  uigles. 

II.  Thb  Squass  PsiSMAno  Ststsic. 

The  forms  belonging  to  this  system  are  oharactericed  by  three  reotangolar 
axea,  two  of  which  are  equal,  and  the  third  unequal. 

III.  Thb  Bkoicbohxdsai.  Systxx. 

The  forma  belonging  to  this  system  are  characterized  by  four  axes, 
of  which  three  are  equal,  and  croaa  each  other  at  angles  of  6C^;  whilst  tiie 
fourth  is  perpendicular  to  these,  and  may  vazy  in  length. 

IV.  Thb  Bioht  Fkxskatio  Ststxic. 

The  forms  of  this  system  are  distinguiahed  by  three  rectangular  axea, 
which  are  all  unequal. 

v.  Thb  Obliqitb  Ststxic. 
This  system  is  characterised  by  three  unequal  axes ;  two  of  them  cross 
each  other  obUquely,  the  third  ia  perpendicular  to  both  the  others. 
VI.  Thb  Doubly  Obliqub  Ststxic. 
The  forms  of  this  system  hare  three  unequal  axes,  oblique,  and  bearing  to 
each  other  indefinite  relations. 
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regular  ootohedric  or  the  cubic  form ;  for  all  ootohedrons 
aim  hexahedrons  of  the  regular  STstem  are  identical.  The 
same  difficulty  does  not  exist  in  the  other  systems,  for  con- 
figurations  of  the  same  name,  belonging  to  the  same  system, 
are  far  from  being  similar.  If,  therefore,  a  substance  crys- 
tallizes in  the  regular  system,  it  cannot  be  distinguished 
by  its  crystalline  form,  because  other  substances  of  the 
same  crystalline  form  belonging  to  that  system  have  the 
same  angular  measurement;  and  as  only  a  comparatiyely 
smaU  number  of  forms  comprise  the  system,  it  happens 
that  a  great  number  of  substances,  yery  dissimilar  in  pro- 
perties and  chemical  composition,  haye  yet  identically  the 
same  crystalline  forms.  But  up  to  the  year  1819  it  was 
thought  that  identity  of  form  in  crystals  belonging  to  the 
other  systems  indicated  identity  of  chemical  composition. 
In  that  year  M.  Metscherlich  obseryed  that  certain  sub- 
stances nad  the  property  of  assuming  the  same  crystalline 
form,  and  that  tney  were  capable  of  replacing  each  oUier 
in  the  same  crystals  in  indefinite  proportions,  when  a 
mixed  solution  of  these  substuices  was  submitted  to  the 
process  of  crystallization.  He  termed  this  similarity  in 
crystalline  forms  isomorphism  (from  (ffoc,  like,  and  i^op^fi, 
form)  and  the  bodies  which  assume  one  and  the  same 
form,  he  named  isomorphous  bodies.  The  law  at  which  he 
irriyed  is  as  follows : — JFrom  an  equal  number  of  atoms, 
similarly  combined,  a  crystal  of  like  form  is  produced. 
The  crystalline  form  is  dependent  upon  the  number  and 
the  relatiye  position  of  the  atoms,  and  not  upon  their 
chemical  nature.  We  shall  endeayour,  as  we  proceed, 
to  show  how  far  the  law  is  confirmed. 

244.  The  student  will  the  more  readily  understand 
isomorphism,  if  we  first  show  the  behayiour  of  two  or 
more  non-isomorphous  crystalline  substances  in  the  same 
solution  or  mixture  ;  and  afterwards  the  behaviour  of  two 
or  more  isomorphous  crystalline  substances  under  similar 
cLrcomstances.  If  the  non-isomorphous  substances  are 
present  in  ^e  mixture  in  about  equal  proportions,  and 
one  of  them  is  more  insoluble  in  water,  or  some  other 
liquid,  at  one  temperature  than  the  others,  we  can 
separate  that  substance,  or  the  greater  nart  of  it,  from 
the  others,  by  conducting  the  operations  or  solution  (if  the 
mixture  of  tne  solids  is  not  already  dissolyed),  crystalliza- 
tion, and  eyaporation  in  accordance  with  this  property 
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Or,  if  tbe  substances  differ  but  little  in  solubility,  but  one 
of  tbem  is  present  in  larger  quantity  than  the  others, 
it  is  easy  to  perceive  that  in  evaporating  the  solution, 
the  one  that  is  present  in  the  largest  proportion  will  first 
crystallize.  Both  classes  of  facts  are  illustrated  in  the 
following  example : — Commercial  nitrate  of  potash  always 
contains  variable  quantities  of  chloride  of  potassium  and 
chloride  of  sodium,  and  from  these  substances  it  must  be 
entirely  free  when  used  in  the  manufacture  of  gunpowder. 
Now,  100  parts  of  water  at  70°  F.  dissolves  the  same 
quantity  (35  parts)  of  each  of  these  salts,  but  100  parts  of 
water  at  212^  F.  dissolves  240  parts  of  nitrate  of  potash, 
35  parts  of  chloride  of  sodium,  and  65  of  chloride  of 
potassium.  Suppose  w^  had  some  nitrate  of  potash  con- 
taining, for  every  240  parts  of  that  salt,  30  parts  of 
chloride  of  sodium,  and  the  like  quantity  of  chloride 
of  potassium ;  if  we  were  to  dissolve  it  in  the  proportion  of 
300  parts  of  the  salt  to  100  of  boiling  water,  and  let 
this  solution  become  cold,  about  200  parts  of  the  nitrate 
of  potash  would  crystallize  out,  whilst  the  whole  amount 
of  the  other  two  salts  would  remain  in  solution.  These 
200  parts  of  nitrate  of  potash  would  be  perfectly  pure, 
witli  the  exception  of  the  small  quantity  of  mother 
liquor,*  with  which  they  would  be  moistened ;  to  free  the 
crystals  from  this  contamination  they  may  be  washed 
with  a  small  quantity  of  cold  water,  or  better,  with  a 
saturated  solution  of  pure  nitrate  of  potash.f  If  the 
mother  liquor,  which  would  contain  nearly  equal  quantities 
of  each  of  the  three  salts,  were  evaporated  at  212®  F.,  84 
parts  of  water  out  of  every  100  coula  be  evaporated,  with- 
out any  of  the  nitrate  of  potash  being  deposited,  whereas 
the  expulsion  of  so  much  water  would  cause  25  parts  of 
chloride  of  sodium,  and  22  of  chloride  of  potassium, 
to  separate.  If  the  clear  solution  (that  is,  free  from  ihe 
chlorides  which  have  crystallized  out),  when  it  has  reached 
this  degree  of  concentration,  were  drawn  off  into  another 
vessel  and  allowed  to  cool,  a  further  crop  of  crystals 
of  nitrate  of  potash,  nearly  pure,  would  be  obtamed; 
they  might  easiljr  be  renderedperfectly  pure  by  washing 
them  in  the  way  just  stated.    The  operation  of  crystallixA- 

*  The  liquor  fromwhioh  the  oiystalfl  hftTe  BepttTBted. 
t  Alter  water  has  been  aatorated  with  one  Bobstance,  although  it  oasnat 
diaaolTe  a  fturther  quantil^  of  that  one,  it  oan  atfli  diaMlTeother  snbrtioei. 
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tion  IB,  therefore,  frequently  had  recourse  to,  both  in  tlie 
mannfaotory  and  the  laboratory,  in  the  purification  of 
crystalline  bodies. 

245.  If,  however,  the  different  crystalline  non-isomor' 
pious  substances  which  composed  the  mixture  were  of 
equal,  or  nearly  equal  solubility,  and  were  present  in 
about  equal  proportions,  although  they  coula  not  well 
be  separated  from  each  other  by  crystallization,  still,  on 
eraporating  the  liquid,  the  crystals  obtained  would  not 
consist  ^f  a  mixture  qf  each  of  the  substances,  but  we 
should  obtain  separate  crystals  of  each  substance,  which, 
if  sufficiently  lai^e,  would  be  distingmshed  by  the  naked 
eye,  or,  at  Jl  eyents,  with  the  aid  of  the  microscope. 

246.  But  with  isomorphous  bodies  the 'case  is  different. 
On  evaporating  a  solution  containing  two  or  more  of  these 
bodies,  they  do  not  generally  crystallize  separately,  but 
every  individual  crystal  contains  a  quantity  qf  each  sub' 
stance;  yet  the  substances  do  not  cnemically  unite  with 
each  other,  for  the  quantity  of  each  substance  entering 
into  the  crystal  is  quite  indefinite ;  "  they  are  mixed 
together  mechanically  in  the  crystals,  and  hence  the 
form  of  the  actual  crystal  is  intermediate  between  those 
which  the  separate  bodies  would  have  had  if  they  were 
pure.  In  order  that  bodies  may  so  crystallize  together, 
it  is  not  only  necessary  that  they  should  be  of  the  same 
crystalline  system,  but  the  crystalline  forms  must  resem- 
ble one  anotner  very  closely  in  all  their  angles  and  sides. 
Thus,  not  only  will  iodide  of  potassium  and  sulphate  of 
soda,  which  belong  to  difierent  systems  of  crystallization, 
not  crystallize  together ;  but  glauber  salt  and  carbonate 
of  soda,  which  do  belong  to  the  same  system,  will  not 
crystallize  to|j;ether,  because,  the  relations  of  their  angles 
and  sides  being  completely  difierent,  they  cannot  mix 
together  so  as  to  form  an  uniform  solid.  But  sulphate 
of  ^0  and  sulphate  of  magnesia  belong  not  merely  to 
the  same  crystalline  system,  but  they  are  almost  identi- 
cal in  their  Bpixes ;  the  eye  cannot  make  any  distinction 
between  their  crystals ;  and  hence,  when  a  crystal  is 
being  formed  in  a  solution  containing  these  two  bodies, 
the  molecular  and  crystalline  forces  being  the  same  for 
both,  they  concur  in  the  buildms  of  the  crystal  without 
interfering  with  each  other.    iLence,  as  there  is  a  very 
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small  difiference  between  the  angles  of  the  rhombic  piisms 
of  the  two  salts,  the  one  being  90^  3(y,  and  the  otiier 
91*"  8',  if  they  be  mixed  in  eqnal  proportions  in  the 
crystal,  its  angle  must  be  90"  4Sf,  Carbonate  of  lime 
and  carbonate  magnesia  are,  like  the  snlphates  of  zinc 
and  ma^esia,  almost  identical  in  crystallme  form,  and 
they  exist  in  nature  mixed  together,  forming  the  dolomite 
or  magnesian  limestone.  The  quantity  of  carbonate 
of  lime  is  to  the  quantity  of  carbonate  of  magnesia 
as  60*6  to  42*8  ;  and  as  the  angle  of  the  rhomb  of 
carbonate  of  lime  is  105*  4',  and  that  of  carbonate  of 
magnesia  is  107''  40^,  the  angle  of  the  mixed  czystal 
is  found  by  midtiplying  the  angle  of  each  constituent 
b^  its  quantity,  adaing  these  products  together,  and 
dividing  oy  the  quantity  of  the  mixture ;  and  the  resnolt 
is  106°  15',  the  angle  or  the  rhombic  crystal  of  magne- 
sian limestone. 

247.  "The  peculiarity  of  crystallization  which  iao- 
morphous  bodies  possess,  may  be  iQustrated  in  another 
manner.  Ordinary  alum  is  a  sulphate  of  alumina  and 
potash;  but  there  are  a  great  variety  of  other  double 
sulphates  which  crvstallize  in  the  same  form,  and  which 
constitute  a  well-defined  crystalline  genus.  If  an  octo- 
hedral  crystal  of  common  alum  be  placed  in  a  solution  of 
the  sulphate  of  alumina  and  ammonia,  the  crystal  aug- 
ments m  size  by  the  addition  of  the  layers  of  that  salt. 
If  it  be  then  removed  to  a  solution  of  sulphate  of  potash 
and  peroxide  of  iron,  it  acquires  another  layer;  by  a 
solution  of  sulphate  of  ammonia  and  ^eroxiae  of  iron, 
another  still ;  and  by  means  of  the  solution  of  the  alums 
which  consist  of  oxide  of  chrome  united  to  potash  or 
ammonia,  with  sulphuric  acid,  the  crystal  may  grow  to 
a  still  greater  size.  The  chemical  constituents  of  the 
crystal  may  thus  vary,  but  it  retains  its  form  ;  the 
number  of  equivalents  of  chemical  substances  contained 
in  it  remains  also  the  same,  although  they  may  not 
remain  identical  in  nature.  The  potash  and  ammonia 
on  the  one  hand,  the  oxide  of  iron,  the  alumina,  and  the 
oxide  of  chrome  upon  the  other,*  agree  in  producing 

*  TheeenenJ  fonxralft  for  the  aloma  iflM,Oa,380a+M0.80,  +^  aq. ; 
fhe  M|  O,  repreeenU  any  of  the  followinfj^  iaomorphonfl  oxides  :~«lQxml]ia» 
Besqoioxide  of  chromium,  sesqaioxide  of  iron,  seaqoiozide  of  mangttoeae. 
The  M  O  represents  potash,  soaa»  or  oxide  of  MnTnnminm. 
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the  same  crystalline  arrangement  of  particles,  in  impress- 
ing npon  their  componnds,  with  the  same  bodies,  the  same 
erjstaUine  form."  • 

248.  If  a  considerable  difference  in  solubility  exists 
between  the  isomorphous  bodies,  they  may  be  separated 
in  a  great  measure  by  crystallization.  Examples. — The 
two  isomorphous  salts,  permanganate  and  perchlorate  of 
potash,  will  crystallize  apart  on  account  of  the  difference 
in  the  solubility  of  these  two  salts ;  and  potash  alum  may 
be  separated  in  a  ^eat  measure  from  iron  alum  by  crys- 
tallization, as  the  iron  alum  is  more  soluble,  and  remains 
dissolved  in  the  liauid.  But  most  isomorphous  salts, 
when  once  dissolved  together,  do  not  crystallize  apart. 
Examples. — ^When  a  solution  of  iodide  of  potassium,  to 
which  a  little  chloride  of  potassium  has  been  added,  is 
evaporated  to  the  crystaUizmg  point,  the  crystals  contain 
chloride  of  potassium  as  wSl  as  iodide  of  potassium; 
iodide  of  potassium  cannot  be  separated  by  crystallization 
from  chloride  of  potassium.  Sulphate  of  copper  cannot 
be  separated  by  crystallization  from  sulphate  of  the  pro- 
toxide of  iron ;  however  frequently  we  re-crystaUize  the 
substance,  the  crystals  will  always  contain,  throughout 
their  whole  mass,  iron  as  well  as  copper.  But  u  we 
change  the  protoxide  of  iron  into  sesquioxide — as,  for 
example,  by  the  action  of  chlorine— we  shall  then  obtain 
pure  crystals  of  sulphate  of  copper ;  it  is  only  in  this  way 
that  we  can  free,  by  crystallization,  sulphate  copper  from 
ijon.t 

249.  "The  same  intermixture  of  isomoiphons  sub- 
stances which  takes  place  in  artificial  salts  is  found  to 
occur  in  minerals,  and  affords  a  luminous  explanation 
of  the  great  yariety  both  in  the  kind  and  proportion 
of  substances  which  may  coexist  in  a  mineral  species, 
without  its  external  character  being  thereby  essentially 
affected.  Thus,  garnet  is  a  double  silicate  of  alumina 
and  lime,  expressed  by  the  formula  (Al,  Of  +  Si  0|}  +  3 

*  Sir  B.  Kane's  "Bleanefnts  of  Chemistry/'  2nd  edition. 

t  Atthongh  ICitacherUoh  has  the  merit  of  flnt  recoffnisinff  isomorphism 
in  •  soflksient  onmber  of  oases  to  proye  its  generalitjr.  Gay  Lussao  first 
obserred  the  fact  that  a  oiystal  of  potash  ahmi,  when  transferred  to  a 
•oliition  of  ammonia  alom,  continaea  to  increase  without  its  form  being 
mo^iled ;  Beodant  was  the  next  to  obserre  it,  with  regard  to  sulphate  m 
eopper  and  sulphate  of  protoxide  of  xnnu 
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(Ca  O  +  Si  Os) ;  but  in  garnet,  as  in  alum,  the  alumina 
may  be  replaced  by  peroxide  of  iron,  yielding  the  com- 
pound (Fe,  O,  +  Si  O,)  +  3  (Ca  O  +  Si  O,),  or  they  may 
Be  both  present  in  an;^  proportion,  provided  that  their 
sum  is  equivalent  to  either  singly.    So,  while  peroxide 
of  iron  displaces   the  alumina,  the  lime  may   be  ex- 
changed for  protoxide  of  iron ;  and  a  mineral  would 
result  (Fe,  O,  +  Si  O3)  +  (3  Fe  O  +  Si  O,),  which  con- 
tains neither  alumina  nor  lime,  though  it  has  still  the 
form  of  garnet.    Instead  of  protoxide  of  iron,  the  lime 
may  be  replaced  by  magnesia,  protoxide  of  manganese, ' 
or  any  other  isomorphous  base ;  or  any  equivalent  quantity  1 
of  some  or  all  of  these  may  take  the  place  of  the  lime, 
without  Uie  crystallographic  character  being  destroyed. 
In  like  manner,  epidote  is  a  double  silicate  of  alumina  and 
lime,  expressed  by  (Al,  O,  +  Si  O.)  +  (Ca  O  +  Si  Oj; 
and  here  again  varieties  of  epidote  are  to  be  expected,  in  J 
which  alumina  and  lime  are  replaced,  partially  or  wholly,  | 
by  an  equivalent  quantity  of  isomorphous  bases." 
260.  The  simple  bodies  which  are  known  to  ciystallize 


are, — 


Regular  SvHem. 
Carbon*        Gold 
Phosphorus  Platinum 
Selenium       Mercury 


ShombohedraL 
Carbonf        Arsenic 
Tellurium      Antimony- 
Tin     Bismuth      Zino 
Copper  Titanium  Hight  JPristnatie. 

Silver  Lead.  Sulphur        Iodine 

Oblique  PrUnuUie, 
Sulphur. 

251.  The  following  table  exhibits  some  of  the  more 
important  of  the  jyproups  in  which  the  existence  of  isomor- 
phism has  been  distinctly  ascertained : — 

Gboup  L 

Alumina  Al,  O, 

Sesquioxido  of  Chromium     Cr,  O, 
Sesquioxide  of  Iron  Fe,  O, 

Ilmenite  FeTiO, 

(Sesquioxide  of  Manganese)  Mn,  O,  ^ 


The  first  four 
members  of  this 
group  are  isomor- 
phous in  the  sepo' 
rate  state.     Mn, 


Os  is  isomorphous  with  the  first  three  members  when  in 
•  Aidiamond.       t  In gnpliite, m it sepftntes Irom east inmwliMi f oa^ 
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eombination ;  these  sesquioxides,  combined  with  sulphuric 
acid,  with  one  of  the  alkaline  s^hates,  and  with  water, 
forin,  as  we  have  seen,  the  different  species  of  alum, 
which  hare  all  the  octohedral  form. 

Gsoup  n. 
Arsenions  Acid  AsOs^The  elements  arsenic  and 

Teroxide  of  Antimony,  Sb  O,  )  antimony  are  isomorphons ; 
&eir  two  oxides,  AsO,  and  SbO,,  are  each  of  them 
dimorphous,  and  thej  are  isomorphons  in  each  form.  The 
eorrespoDding  sulphides  of  these  oxides  are  also  isomor- 

Ehons ;  for  example,  3  Ae  S,  As  S3  (light-red  silver),  and 
AgS,  SbS,  (dark-red  suver),  both  belong  to  the  rhom- 
bohedral  system.* 

G-ROtjp  m. 
Aniamomdes*)  The  arsenide  (Ni^  As)  and  antimonide 
Arsenides  >  (Ni,  Sb)  of  nickel  are  isomorphons.  Two 
Sulphides  j  atomsfofsnlphnr  are  isomorphons  with  one 
atom  of.  arsenic  and  one  of  antimony,  as  Fe,  S4  and 
Cos  As  S, ;  also  Fe,  S^  and  Fe,  As  S,. 

geoup  rv. 

Titanic  Acid  TiOa  >  are  isomorphons  in  the  separate 
Binoxide  of  Tin,  Sn  Os  S  state,  as  mtile  (Ti  O.)  and  tin- 
stone (SnOs)  have  the  same  form,  althongh  Ti  and  Sn 
crystallize  in  different  forms. 

Geotjp  V. 
Chloride  of  Potassium,  K  CI  ) 

Iodide  of  Potassium     Kl    f  These potassiumcompounds 
Bromide  of  Potassium,  K  Br  (  are  isomorphons. 
Fluoride  of  Potassium,  KF  ) 

Geoup  VI. 
Phosphoric  Acid,  P  O,  )  The  salts  of  these  acids  are  iso- 
ArsenicAcid  As  O^  i  morphous.  These  acids  form 
different  classes  of  salts  by  combining  with  bases  in 
different  proportions,  and  the  isomorphism  of  the  arseni- 
ates  and  phosphates  of  each  class  is  complete.  Examples : 

*  Sulphide  of  btsmnth  (6i  8.)  \m  isormorplioiza  vrith  Aa  B,  and  Sb  B, ;  and 
antimony  diapbcea  bismuth  in  kobellite,  needle^re,  ko.  Biamnth  itself 
v  pararoorphons  with  arsenic  and  antimony. 

T  If  we  adopt  S2  as  the  eq.  of  8.,  then  one  atom  of  that  element  is  isomor- 
phons with  one  of  As  and  one  of  Sb. 
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Square  priimatic  system.— "S  H4  0, 2  H  O,  P  O.,— N  H^  O, 
2  H  O,  Afl  0„— K  O,  2  H  O,  P  O,,— K  O,  2  H  O,  As  O,. 
Might  prismatic  system, — ^Na  O,  P0„  4  aq. — Na  O,  As  0«, 
4  aq.  Oblique  system,-'2  N  H4O,  P  O..  H  O, — 2  JN  H*  O, 
Ab  0„  H O  :  2ifaO,  PO5, 26 aq. — 2  Na  O,  As  O.,  26  aq .• 

Gboup  vn. 

Sulphuric  Acid,  SO,  "jThe  salts  of  these  adds,  when 
Selenio  Add  Se  Of  t  thej  contain  the  same  hase  and 
Manganic  Add,  Mn  O,  v  the  same  proportion  of  hase  and 
Chromic  Acid  Cr  O,  J  of  water  of  crystallization,  hare 
the  same  crystalline  form.    Examnles :  Square  prismatie 

S/stem,—Ni  O,  S  O,  +  7  aq.  —  Ni  O,  Se  0„  7  aq.  —  Zn  O, 
eO„7aq.;  2NH.,  AgO, SO,— 2NH,,  AgO,SeO„  — 
2  N  H„  Ag  O,  Cr  O,.  Bight  prismatic  system, — Na  O, 
SO,,— NaO,SeO„— AgO,SO„— A«0,SeO,  :  KO, 
SO,,  — KO,  SeO„  — XO,CrO„K:0,MnO,  :  MgO, 
S0,  +  7aq.  — ZnO,SO,  +  7aq.  — NiO,SO,  +  7aq.— 
MgO,Se  0„+7  aq.— ZnO,Se  O,  -f  7aq.  Oblique  prit- 
matic  system,— KO,  2 SOs,  HO,  —  KO,  2SeO„  H  O : 
CaO,SO,  +  2aq.  — CaO,SeO,  +  2aq.  — FeO,SO,  + 
2aq.  :  reO,SO„+ 6aq.  —  CoO,  S0,+  6aq.  —  MnO, 
SO„-f  6aq.  — CoO,SeO, +6aq.  :  MgO,SO,+  7aq. 
— ZnO,SO,+7aq.  — CoO,SO,-f7aa.— NiO,SO,+ 
7aq.— MgO,SeO,4-7aq.— CoO,SeO,4-7aq.  :NaO, 
S  O,  +  lOaq.  —  NaO,  SeO,  +  10 aq.  —  NaO,  OrO,  + 
10  aq.  Doubly  oblique  prismatic  system, — Mn  O,  S  O,  + 
4aa.— MnO,SeO,  +  4aq.— ZnO,SeO,  +  4aq.  — OoO, 
SeO, +  4aq.  :  CuO,SO, +6aq.  — CuO,  SeO,  +  6aq. 
—  MnO,SO,4-6aq. 

Gboup  vin. 
Chromic  Acid,  CrO,)  CaO,WO„— PhO,WO„— PbO, 
MolybdicAcid,MoO,  I  Mo  0„  —  and  Pb  O,  Cr  0„  are  iso- 
Tungstic  Acid,  W  O,  f  morphous ;  also  Fe  O,  W  O,  (Wolf- 
Tantalic  Acid  TaO,3  ram),  and  FeO,  TaO,  (Tantalite), 
are  isomorphous. 

Gboup  IX. 
Perchloric  Acid     CI  O7    ^  The  salts  of  these  adds  are 
PermanganicAcid,  Mua  Or  >  isomorphous.     One  atom  of 
Periodic  Acid        I O,      3  chlorine  in  perchloric  acid,  or 

*  It  was  by  the  study  of  the  forms  of  the  oorresponding  arseiuAtes  and 
phosphfttes  that  Mitawhwriifh  flnt  ertaUiahed  the  prmoiple  of  iaomarphiBm. 
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one  atom  of  iodine  in  periodic  acid,  eyidently  ftdfils  the 
same  fimction  as  two  atoms  of  manganese  in  permanganic 
acid. 

Gboxjp  X. 


We  have  seen,  in  Group 
YII.,  that  these  bases,  in 
combination  with  snl- 
phnric  and  selenic  acids, 
are  isomorphons.  ITieir 
^carbonates  and  theircom* 
binations  with  the  ses- 
quiozides  of  Group  L, 
are  also  isomorphons. 
Example:  Bhomhouedral 


Magnesia  MgO*^ 

Protoxide  of  Iron  Fe  O 

Protoxide  of  Manganese,  Mn  O 
Chdde  of  Nickel  NiO 

„       Cobalt  Co  O 

„       Copper  Cu  O 

9f       Zinc  Zn  O 

„       Cadmium  CdO 

Lime  in  calc-spar  Ca  O 

Lead  in  Plumoo-calcite   PbO  . ^— ^.^. 

w^^eM.— Ca  O,  C  O,  (Calc-spar),  —  Mg  O,  C  O^  —  Ca  O, 
C  O,  +  Mg  O,  C  0„  —  Ma  O,  C  0„  —  Zn  O,  C  0„  — 
Pe  O,  C  O^  Begular  system,— Mg  O,  AI,  Os  (Spinell), 
—  Mg  O,  Fe,  Oa  (Pleonast),  —  Zn  O,  AI,  O3  (Gahnite),  — 
Zn  O,  Fe,  O,  (Franklinite),  —  Fe  O,  Fe,  O,  (Magnetic  iron 
ore).  All  ike  sulphates  of  this  group  are  capable  of 
forming  double  salts  with  some  anhydrous  sulphate 
which  u  not  isomarphous  with  the  group,  as,  for  exam- 
ple, with  sulphate  of  potash.  The  usual  amount  of 
water  which  the  sulphates  of  this  group  contain  is  7 
eq.  Grraham  found  that  6  eq.  of  the  water  could 
be  expelled  at  212°  F.,  but  that  the  remaining  1  eq. 
required  a  much  higher  temperature  for  its  expulsion,  but 
that  it  may  be  displaced  by  some  non-isomorphous  anhy- 
drous sulphate.^  Graham,  therefore,  called  this  atom  of 
water  constitutional  or  saUne  water.  Example. — ^When 
sulphate  of  magnesia  (Mg  O,  S  O,,  H  O  +  6  aq.)  and  sul- 
phate of  potash  are  separately  dissolved  in  water,  in 
equivalent  proportions,  mixed  while  hot  and  allowed  to 
crystallize,  a  double  salt  (Mg  O,  S  0, 4-  K  O,  S  O.  +  6  aq.) 
crystailizes  out,  having  tne  same  crystalline  form  as  sul- 
pliate  of  magnesia. 

Geoxjp  XI. 


Baryta  BaO 

Strontia  SrO 

lime  CaO 

Oxide  of  Lead,  PbO 


The  salts  of  these  bases  are  isomor- 
phons. Lome,  in  one  of  its  dimor- 
phous forms,  is  a  member  of  this 
group.    Lead  and  lime,  in  combi- 


nation with  the  acids  in  Group  YUL,  we  have  already 
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seen,  are  isomorplioiis.  We  sliall  bere  give  examplee  of 
the  isomorphism  of  many  of  the  other  salts  of  these  bases. 
JEtiqht  prismatic  awitem. — ^Ca  O,  C  Ox(Arragonit«),  —  BaO, 
CO,,  —  SrO,CO,.  — PbO,CO,  :  BaO,  80s,  —  SrO, 
S  0„  —  PbO,  S  O,  :  BaO,  C4  H,Os,  3  aq.  (Acetate  of 
Baryta),— Pb  O,  C4  H,  0„  3  aq.  (Acetate  of  Lead).  Bhom- 
hohedral  tvsiem.Sr  O,  S,  O,  -f  4  aq.  —  Ca  O,  S,  O,  -4-  4  aq. 
—  Pb  O,  8, 0.  +  4  aq. :  Ca  CI,  9  Ca O,  3  P  O,  (Apatite),— 
PbCl,9PbO,3PO„  — PbCl,9PbO,3A8  0..  Beaular 
9ystem.-^B&  O,  N  0„— Sr  O,  N  O^—  Pb  O,  N  O*,—  Fb  O, 
NO,. 

gboup  xn. 

Potash  X  O  )  "  These  fixed  alkalies  may  be  sub- 
Ammonia,  N  H4O  >  stituted  for  each  other  in  the  different 
Soda  Ka  O  1  species  of  alum.  Ammonia  is  truly 
isomorphous  with  potash,  in  all  its  compounds,  but  it  is 
only  rarely  that  the  confounds  containing  soda  appear 
to  have  the  same  form.  In  minerals,  and  m  some  fonns 
of  ^um,  potash  is  replaced  by  an  atom  of  any  oxide  in 
Group  X.,  united  with  an  atom  of  water,  as  hydrate  of 
lime,  or  by  two  atoms  of  such  compoimd  without  water." 


Group  XIII. 


Platinum    XCl,  PtCl, 
Osmium     X  CI,  Os  CI,  - 
Iridium      X  CI,  Ir  01, 


The  double  chlorides,  whidi 

are  formed  by  the  union  of  the 

chloride  of  one  of  these  metals 

and  chloride  of  potassium,  or 

^chloride  of  ammonium. 


252.  "  Graham  is  of  opinion  that  water  stands  in  an 
isomorphous  relation  witn  the  bases  of  the  10th  group, 
equivalent  for  equivalent.  The  isomorphism  is  certainly 
not  proved,  but  the  resemblance  which,  in  a  chemical 
point  of  view,  water  exhibits  towards  these  bases,  indi- 
cates that  such  IS  the  case.  Thus,  according  to  that 
chemist,  nitrate  of  cop];)er,  hydrated  nitric  acid  of  specific 
gravity  1*42,  and  sub-nitrate  of  copper,  are  expressed  by 
me  formuls — 

CuO,NO,-f  3H0 
HO,  NO,  +  3HO 
CuO,JSrO.  +  3(CuO,HO) 
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Crystallised  oxalic  aoid,  or  oxalate  of  oxide  of  hydrogen, 
corresponds  with  oxalate  of  magnesia;  hydrated  snl- 
phuric  acid,  H  O,  S  O,  +  H  O,  corresponds  with  sulphate 
of  magnesia,  Mg  O,  S  O,  +  H  O ;  and  this  similarity,  in  a 
chemical  point  of  view,  is  regarded  hy  Grraham  as  a  main 
objection  to  the  diyision  of  the  equivalent  of  hydrogen 
into  two  atoms." 

253.  Scheerer  has  brought  water  into  an  isomorphons 
relation  with  the  same  bases  in  a  totally  different  manner. 
He  finds,  by  the  analysis  of  a  great  number  of  minerals, 
that  one  atom  of  Mg  O,  Fe  O,  or  Mn  O,  and  probably 
also  of  ZnO,  NiO,  and  CoO,  may  be  replaced  by  three 
atoms  of  water,  and  one  atom  of  Cu  O  by  two  atoms  of 
water,  without  change  of  crystalline  form. 

254.  This  kind  of  isomorj^hism,  which  appears  to  play 
an  important  part  in  the  mineral  kingdom,  has  receiyed 
the  name  of  Polymeric  UomorpKism.  it  was  first  noticed 
in  the  minerals  cordierite  and  aspasiolite;  these  two 
minerals  crystallize  in  the  same  form,  and  crystals  are 
found  consisting  partly  of  cordierite  and  partly  of  aspa- 
siohte,  the  most  complete  transitions  from  one  to  the 
other  occarrin^  in  the  same  specimen.  Moreover,  both 
minerals  contain  nearly  the  same  proportions  of  silica  and 
alumina;  but  aspasiolite  contains  a  smaller  quantity  of 
niagnesia,  and  a  larger  quantity  of  water,  than  cordierite, 
the  difference  being  such,  that  three  atoms  of  water  in 
the  former  may  be  regarded  as  the  equivalent  of  one 
atom  of  magnesia  in  the  latter. 

255.  We  must  now  make  the  student  acquainted  with 
the  method  for  deducing  the  rationsJ  formula  for  com- 
pounds containing  isomorphous  constituents ;  and  for 
ttat  purpose  we  must  first  explain  a  method  of  deducing 
the  rational  formula  of  oxygen  salts,  and  which  also 
applies  equally  to  metallic  sulphides.  The  method  con- 
sists in  ascertaining  the  ratio  which  the  quantities  of 
oxygen  in  the  different  constituents  bear  to  each  other. 
£za3iple : — The  salt  called  phosphate  of  mag^nesia  and 
anmDnia,  has  the  following  per-centage  composition  :— 

Magnesia 16*30 

Oxide  of  ammonium        ...    10*60 
Phosphoric  anhydride  (POJ    -        -    2909 

Water 4401 

100-00 


154  I80MOBPH0178  COUPOITKDB. 

256.  To  find  the  rational  formula  of  this  salt,  in  the  way 
stated,  we  have  to  ascertain  the  amount  of  oxygen  in  tJie 
per-centage  amoimts  of  each  of  its  four  constitnents.  We 
ascertain  this  by  simple  rule  of  three :  for,  1st,  we  know 
the  atomic  weights  of  these  substances ;  2nd,  we  know  the 
quantity  of  oxygen  contained  in  an  atom  of  each  of  these 
substances;  Srd,  we  know  the  quantity  of  each  of  these  sub- 
stances in  100  parts  of  the  salt ;  and  from  these  three  terms 
we  find  the  4th,  viz.,  the  quantity, of  oxygen  in  the  per- 
centage amounts  of  each  of  these  four  substances.  Having 
obtained  the  respective  quantities  of  oxygen,  we  redooe 
the  quantities  to  the  simplest  expression,  from  which  we 
deduce  the  formula.    Example : — 

aOofMffO     contain  Sof O,oonBeqaenti7l6*80of MgO   contain 6*62 of O 

26ofNH«0       „       SofO,  „  10-60  of  NH*0      „      826  of  O 

71-76  of  PO-       „      40ofO,  „  »00ofPO,  „    16-30  of  O 

0-0  of  HO  „       SofO,  „  M-OlofHO  „    3912  of  O 

The  respective  quantities  of  oxygen  are,  therefore, — 

3-26  :  6-62  :  16-30  :  3912 

These  proportions,  reduced  to  their  simplest  expression, 
give— 

1    :    2    :    6    :    12 

which  leads  to  the  formular— 

2MgO,NH,0,  P0,  +  12H0 

267.  We  have  already  noticed  the  fact  that  isomor- 
phous  substances  can  replace  each  other  in  all  proportions. 
They  are  consequently  calculated  as  oTie  substance,  in 
determining  the  formula  of  the  compound  containing 
them.  Example.— A  specimen  of  Bohemian  garnet  was 
found  to  have  the  following  per-centage  composition : — 

Silicic  acid     -        -        -  40*00  ....  21*19 
Alumina         -        -        -  28*50  -  13*30^  - 
Sesquioxide  of  iron        -  16*60  -    4*96  f  ^  q.q^ 

manganese  0*25  -    007 f"      '  ^^^^ 

chromium  2*00  -    0*62) 


Magnesia       -        -        -  10*00  -    4*00") 
lame      ....    3-50  -    l-OOj" 

100*75 


6*00 
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The  ratio  between  5*00  :  18*94  :  21*19 
iB  M        -        -        .  1-       :     3*78  :     4-23 ; 

fcxr  which  we  may  safety  substitate  1  !  3*  !  4 

Designating  one  equivalent  of  the  metal  by  B£,  we  find 
from  these  numbers  the  formula, — 

MO  +  M,03  +  4SiO, 
or,  M,  O3,  3  Si  O,  +  MO,  SiO, 

which  may  be  written  in  detail  thus : — 

^|o„38iO.+  ^[  jo.  SiO. 

268.  "Besides  isomorphous  substances,  all  bodies  of 
azial<^u8  composition  possess  the  faculty  of  replacing 
each  other  in  compounds.  Thus  we  find  tliat  K  O,  Na  O, 
Ca  O,  Mg  O,  &c.,  replace  each  other.  These  substances, 
likewise,  must  be  expressed  colleciivehf  in  the  formula." 

259.  We  wiU  here  notice  a  system  of  notation  which, 
although  not  much  used  by  chemists,  is  employed  in  most 
mineralogical  works.  In  this  system,  oxygen  is  expressed 
by  points  placed  over  the  symbol  of  the  body  witn  which 
it  is  in  combination,  each  ooint  representing  an  atom  of 
oxygen.  For  example: — ^me  symbol  for  carbonic  acid, 
by  this  system,  is  C.  Each  atom  of  sulphur  is  indicated 
hj  a  commaf  placed  over  the  symbol  of  the  substance 
with  which  the  sulphur  is  in  combination ;  and  the  atoms 
of  kydrogen  are  indicated  by  points  placed  under  the 
symbol  of  the  body  with  which  it  is  in  combination.  All 
the  other  elements  are  expressed  by  the  usual  symbols ; 
and  a  stroke  through  or  under  the  symbol  indicates  two 
equivalents  of  the  element.  For  example, — tiie  symbol 
for  two  equivalents  of  aluminum  is  M,  or  rAt- ;  and  for 

alumina,  -z^ry  or  Ai.    By  this  system,  Bohemian  garnet 
would  be  formulated  thus : — 

*  7oiir  would  be  nearer  3'78  than  8  ;  bat  we  baTe  to  take  into  acconnt  the 
cxoeta  obtained  by  the  chemist  who  made  tiie  analysis ;  and  therefore,  for 
this  and  other  reasons,  the  proportion  of  the  seequiozide  as  more  Hkelj 
to  be  3  than  4. 

t  Bometimea  strokes  are  nsed  in  place  of  oommas  for  tolphiir;  the 
strokes  leaning  from  right  to  left. 
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1 


Al  Fe  Mn^  38i  + Mg  Ca  Si 

BZSBCI8ES. 

122.  Deduce  from  tHe  following  per-centage  niimbeiB 
the  'formulffi  of  the  difiTcFent  substances,  and  employ  the 
system  of  notation  just  explained : — 

123.  A  specimen  of  the  mineral  monradite  was  found  to 
contain,  in  100  parts,  SiO,  66-17,  of  MgO  31*63,  of  Fe  O 
8-66,  HO  404. 

124.  A  specimen  of  the  mineral  prehnite  was  found  to 
contain, in  100 parts,  Ca O  2628, Mn, O.  0-15,  Fe, 0. 6-81» 
Al, 0, 19-30,  Si O3  4303,  H O  443. 

125.  A  specimen  of  the  mineral  zoisite  was  found  to 
contain,  in  100  parts,  Ca  O  18-85,  Mn  O  7-65,  Fe  O  4*24, 
AI5 03  29-83,  Si O3  4003. 

126.  A  specimen  of  ferruginous  zinc-spar  was  found  to 
contain,  in  100  parts,  Zn  O,  C  O,  71*08,  Fe  O,  C  0, 23-98, 
Mn O, C 0, 2-58,  CaO, C 0, 254. 

127.  A  specimen  of  the  mineral  andesine  was  found  to 
contain,  in  100  parts.  Si  O3  59-60,  AJ,  0, 24*28,  Fe,  O,  1*58, 
CaO  5-77,  MgO  108,  NaO  653,  ZO  108. 

128.  A  specimen  of  the  mineral  ullmannite  was  found 
to  contain,  in  100  parts.  As  11*75,  Sb  47*75,  S  15*26, 
Ni  25-25. 

129.  A  specimen  of  the  mineral  kobellite  was  found  to 
contain,  in  100  parts,  S  17*86,  Sb9*24,  Bi  27*05,  Pb  40*12, 
Fe  2-96,  Cu  O  *80,  gangue*  1*45. 

130.  A  specimen  of  obsidian  was  found  to  contain,  in 
100  parts,  Si 036946,  Al, 0,2-60,  Fe, 03  2*60,  CaO 7-54, 
Mg 0 2*60,  K O 712,  Na O 5*08,  H O 300. 

131.  A  specimen  of  the  mineral  cordierite  was  found 
by  Scheerer  to  contain,  in  100  parts.  Si  O,  60*44,  Alt  O3 
32*95,  MgO  12*76,  CaO  1*12.  Fe 0  0*96,  MnO  a  trace, 
HO  1*02. 

132.  A  specimen  of  the  mineral  aspasiolite  was  found 
by  Scheerer  to  contain,  in  100  parts,  Si  O,  60'40,  AJ,  O. 
32*38,  MgO  801,  CaO  trace,  Fe 0  2*34,  MnO  trace, 
H0  6-73.t 

*  As  the  gangae  is  not  »  part  of  the  xninecal,  it  mutt,  of  coarse,  be 
omitted  in  the  cdculation. 

t  When  the  student  has  completed  exercises  131  and  132,  he  ought  ugtin 
to  read  pars.  263  and  254. 
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260.  The  method  adopted  for  formulating  compoxmds 
cont&ming  several  isomorphous  Constituents,  may  appear 
to  the  student  to  be  at  variance  with  the  indirisibilitj  of 

Fe  O) 
atoms ;  for  example,  the  formula,  Mn  O  >>  G  Oi,  designates, 

MgO) 
according  to  the  strict  meaning,  a  combination  of  one 
atom  of  C  O,,  united  with  the  fraction  of  an  atom  of  each 
of  the  three  bases;  but  this  formula  is  only  an  abbre- 

rwiFeO,  CO, 
▼iation  of  the  following : — <  n  Mn  O,  C  O,    in  which  m, 

to  MgO,  CO, 
II,  and  0,  indicate  the  number  of  atoms  of  each  carbonate 
which,  are  united  together;  and  these  numbers  are  not 
constant,  but  t>ariab&.  In  each  different  specimen  of  the 
compound,  these  numbers  may  vary ;  in  fact,  this  vari- 
abihty  is  one  of  the  peculiarities  of  the  displacement 
which  takes  place  between  isomorphous  bodies. 

261.  In  proceeding  to  lay  before  the  student  the  dif- 
ferent reasons  which  have  been  suggested  for  the  expla- 
nation of  the  phenomena  of  isomorphism,  we  must  first 
draw  his  attention  to  the  fact ''  that  similarity  of  chemical 
constitution  does  not  follow  from  similarify  of  form.' 
For  example :  —  Copper  pyrites  (Cu  Fe  SJ  and  braunitt 
(Mn,Oa)  have  the  same  form;  arragonite  (CaO,  CO,) 
and  nitrate  of  potash  (K  O,  N  O.)  have  the  same  form ; 
quartz  (Si  O J  and  chabasite  (Al,  O,,  2  Si  O,  +  Ca  O,  Si  Oi 
+  6  aq.yha.Ye  the  same  form ;  bisulphate  of  potash  (K  O, 
S  O,  +  H  O,  S  O3),  in  one  of  the  two  forms  in  which  it  can 
CTTstailize,  has  the  sameformas  sulphur,  one  of  its  elements. 
When  bodies  are  so  dissimilar  in  chemical  constitution, 
though  similar  in  form,  thej  cannot  possibly  replace,  or 
be  substituted  for  one  another.  Quartz,  for  mstance, 
can  never  take  the  place  of  the  more  complex  compound 
chabasite,  and  nitrate  of  potash  can  -never  take  the  place 
of  carbonate  of  lime ;  and  therefore  isomorphism  cannot, 
as  the  term  would  imply,  depend  simply  upon  similarity 
of  form.  The  substances  wnich  are  truly  isomorphous 
must  correspond  in  other  properties  besides  external 
form.  The  crystalline  form  cannot  therefore  be  depen- 
dent, as  Mitscherlich  stated,  upon  the  number  and 
arrangement  of  the  atoms;  for  although,  as  we  have 
seen,  bodies  which  have  a  similar  cbemical  constitution, 
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hare  also  a  similar  crystalline  form,  yej;  we  have  alflo 
seen  that  bodies  which  have  very  different  chemical  oon- 
stitutions,  may  have  ike  same  crystalline  form.  Bat  even 
bodies  which  are  tmly  isomorphons,  do  not  always  conaiat 
of  an  equal  nnmber  of  elementary  atoms.  The  iaomor- 
phbm  of  Ni  S  or  Ni  Sa,  and  Ni,  As  and  Nis  Sb,  is  usually 
quoted  as  one  of  the  examples ;  but  if  we  adopt  the  new 
equivalents  (115),  these  formulse  become  concordant,  as 
the  formula  of  sulphide  of  nickel  would  then  be  Nia  S. 
The  perchlorates  and  permanganates  may  be  substituted 
for  each  other  in  crystals,  without  producing  any  chan^ 
of  form;  they  are  therefore  truly  isomorpnous:  bat  in 
permanganic  acid,  two  equivalents  of  manganese  are 
united  wilh  seven  equivalents  of  oxygen ;  whust  in  per- 
chloric acid,  only  one  equivalent  of  chlorine  is  united 
with  seven  equivalents  of  oxygen,  and  therefore,  if  we 
had  no  other  example,  this  would  be  sufficient  to  prove 
that  isomorphous  bodies  do  not  always  contain  an  equal 
number  of  elementary  atoms.  It  must  here  be.  remarked 
that  Berzelius  regarded  the  isomorphism  of  perchlorate 
and  permanganate  of  potash,  as  the  most  decided  reason 
for  malving  the  equivalent  of  chlorine  (114),  and  conse- 
quently, also,  of  bromine,  iodine,  &c. ;  for  as  permanganic 
acid  consists  of  two  equivalents  of  maneanese  and  seven 
of  oxygen,  and  as  perchlorate  of  potash  is  isomorphouB 
with  permanganate  of  potash,  Berzelius  considered  tnat  it 
necessarily  followed  that  perchloric  acid  must  consist  of 
two  equivalents  of  chlorme  and  seven  equivalents  of 
oxygen ;  but  if  the  student  will  refer  to  paragraph  115, 
he  wiQ  see  that,  according  to  the  most  recent  iaeas,  if 
the  atomic  weights  of  chlorine,  bromine,  iodine,  &c.,  are 
halved,  the  atomic  weights  of  the  metals  must  also  be 
halved.  The  isomorphism  of  ammonia,  a  compound  con- 
sisting of  five  elementary  atoms,  with  the  elementary  body 
potassium,*  is  another  striking  example  that  isomorphous 
bodies  do  not  always  contain  an  equal  number  of  elemen- 


*  It  10  verj  probable  tbat  the  complex  ammonias  will  also  be 

phoos  with  me  element  potasaiom.  it  has  already  been  found  tluU  the 
alkaloids  quinine  and  oomne  can  be  substituted  for  potassium,  Mnmonium, 
or  sodium,  in  alums. 

The  isomorphism  of  three  atoms  of  water  with  several  of  the  oxides  of 
Group  X.,  ana  the  isomorfdiism  of  two  atoms  of  water  with  one  atom  of  <udds 
of  copper  (263),  might  also  be  adduced. 
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tary  atoms ;  and  therefore  the  view  that  Mitscherlich  first 
entertained,  yiz.,  "  that  the  crystalline  form  of  a  body 
is  dependent  upon  the  number  of  elements  of  which  the 
body  is  made  np/'  is  disproved  by  these  well-established 

filLCtS. 

262.  Another  view  which  has  been  advanced  to  explain 
the  isomorphian  of  bodies  is  that  the  replacing  elements 
themselves  are  isomorphons ;  and  therefore,  tne  crystal- 
line form  is  not  altered  by  the  replacement.  As  the 
majority  of  the  elements  have  not  oeen  obtained  in  a 
crystalline  state,  and  of  those  which  have  been  so  obtained 
the  majoritr  crystallize  according  to  the  regnlar  system, 
the  examples  must  necessarily  be  few  in  which  the 
replacing  elements  of  two  or  more  isomorphons  com- 
poxmds  have  each  been  obtained  in  the  crystalline  state, 
but  all  the  facts  tohick  are  known  prove  that  the  isomor- 
phism of  compounds  is  not  based  upon  the  isomorphism 
of  the  varying  element ;  and  consequently,  the  isomor- 
phism of  the  elements  cannot  be  inferred  from  the  iso- 
morphism of  the  compounds.  Example.  —  We  do  not 
know  whether  anhydrous  phosphoric,  and  arsenic  acids 
have  the  same  form,  but  the  elements,  phosphorus  and 
arsenic,  have  not,  as  the  former  crystallizes  in  the  regular, 
and  the  latter  in  the  rhombohedral  system. 

263.  The  angles  of  the  crystals  of  isomorphons  sub- 
stances are  not  always  excictly  equal,*  but  occasionally 
di£fer  two  or  even  three  degrees ;  but  this  might  even 
have  been  anticipated,  for  we  know  that  by  heat  and 
other  varying  conditions,  the  angles  of  crystals  are  sen- 
sibly aSeeteC  cuid  Mitscherlich  has  shown  that  the  angles 
in  different  specimens  of  the  same  salt  ma^r  vary  to  a 
considerable  extent.  £opp  considers  that  isomorpkous 
bodies  have  the  same  equivalent  volume,'^  or,  in  other 
words,  that  in  isomorphons  bodies  the  specific  gravities 
stand  in  the  same  relations  as  the  equivalent  weights; 
and  that  the  variation  in  the  angles  of  isomorphons  bodies 
is  due  to  the  atoms  of  the  isomorphons  bodies  not  exactly 

•  Az  iaomorpldna  implies  that  the  angles  are  trnly  eqnd.,  it  was  proposed 
to  indicate  approxivMU  forms  bj  the  term  pUHmorpkitm  {wKrtctot  near) ; 
Imt  the  term  Das  nerer  oome  into  use. 

t  The  eqaivalent  or  atomic  volumes  at  nseous  bodies  haTO  already  been 
treated  of:  the  equivalent  Tolnme9  of  solid  and  liquid  bodies  iriU  form  the 
mbject  of  a  ftitore  chapter. 
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filling  the  same  space ;  conBeqiiently,  the  eijBtalline  form 
will  not  be  affected  by  the  replacement  or  one  isomor- 
phonB  body  by  another,  proYided  the  atomic  yolome  of 
the  replacing  body  is  the  same  as  that  of  the  body  being 
replaced ;  bat  if  the  atomic  Tolumes  of  the  two  bodies 
differ,  the  difference  in  volume  will  cause  a  difference 
in  the  form  of  the  crystal.  He  has  shown  that  many  of 
the  elementary  bodies  may  be  arranged  in  gronps,  each 
^up  consisting  of  members  in  which  the  atomic  volume 
IS  identical,    l^ample : — 


BquiT.VoL 

EquiT.Vol. 

Cobalt    - 

.    45 

Sulphur 

-     101 

Copper   - 

.    44 

Tin        . 

-     101 

Iron 

.    44 

Arsenic - 

-        -    105 

Manganese 

.    44 

Lead     . 

.    114 

Nickel    - 

.    44 

Gold     .       . 

.    128 

Iridium  • 

.       -    57 

Silver   - 

.        -    128 

Osmium  - 

.       -    67 

Tellurium     « 

.        .    128 

Palladium 

.        .    67 

Lithium 

.        .    136 

Platinum 

.        -    57 

Calcium 

-    158 

Titanium 

-    56 

Phosphorus  • 

-    211 

Zinc 

-    58 

Strontium 

-    216 

Aluminum 

.        -    66 

Antimony 

-    222 

Chromium 

-    66 

Bismuth 

.        -    270 

Molybdenum  • 

.    66 

Bromine 

.    320 

Tungsten 

.        -    66 

Chlorine 

.        -    320 

Cadmium 

.    81 

Iodine  - 

-    320 

Magnesium     - 

.    86 

Sodium 

.    295 

Mercury 

-    91 

Potassium     - 

-    562 

Selenium 

-  103 

264.  If,  as  Kopp  believes,  "the  identity  of  atomic 
volume  caused  the  isomorphism  of  bodies,  then  there 
should  be  no  isomorphism  unless  the  atomic  volumes  were 
the  same,  and  all  obdies  with  the  same  atomic  volume 
should  be  isomor^hous."  Although  the  atomic  volumes 
of  many  of  the  isomorphous  bodies  are  identical,  yet 
we  see  by  the  table  it  is  not  the  case  with  all;  for 
example, — the  atomic  volume  of  magnesium  is  86 ;  that 
of  cadmium  is  81 ;  that  of  zinc  68 ;  and  that  of  iron, 
copper,  &c.,  44;  yet  we  have  seen  that  many  of  the 
compounds  (Group  X.)  of  these  elements  are  isomor- 
phous ;  but  even  these  isomoiphous  compounds  have  not 
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the  same  atomic  Tolume,  the  atomic  volame  of  sulphate 
of  copper  is  280 ;  whilst  the  atomic  volume  of  sulphate 
of  zinc  is  293;  again,  the  atomic  volume  of  carboaate 
of  cadmium  is  232 ;  whilst  that  of  carbonate  of  iron,  or 
carbonate  of  manganese,  is  195 ;  we  might  adduce  many 
more  examples,  but  these  are  sufficient  to  show  that  the 
atomic  volumes  of  isomorphous  bodies  are  not  alvrays 
identical.  Again,  some  bodies  have  the  same  atomic 
volume,  but  not  the  same  form ;  for  example,  carbonate 
of  iron,  oxide  of  silver,  sulphate  of  cadmium,  and  per- 
oxide of  iron,  none  of  which  bodies  have  any  isomorphous 
connection,  have  yet  the  same  atomic  volume. 

265.  Attempts  have  been  made,  when  the  crystalline 
form  corresponds,  but  the  chemical  constitution  differs, 
to  harmonize  them  by  altering  the  atomic  weights  of 
some  of  the  bodies.  "  The  following  is  one  of  the  most 
remarkable  instances  of  this  kind :— Ca  O,  CO,,  as  arrago- 
nite,  is  isomorphous  with  nitre  (KO,  NOs)  in  its  usual 
form ;  Oa  O,  GOa,  as  calc-spar,  with  £0,  "NOg  as  it  is 
sometimes  obtained,  and  with  Na  O,  N0«  as  it  always 
crystallizes.  Hence,  Ca  O,  CO,  in  its  two  conditions,  is 
isomorphous  with  KO,  N0«  in  its  two  conditions.  For 
this  reason.  Count  Schaffgotsch  halves  the  atomic  weights 
of  potassium  and  nitrogen ;  nitre  then  becomes  =  ELNOs. 
This  agrees  with  Ca  O,  C0,= Ca  CO^ ;  in  both  compounds, 
three  atoms  of  oxygen  are  combined  with  one  atom  of 
metal  and  one  atom  of  either  carbon  or  nitrogen.  This 
halving  of  the  atomic  weight  of  potassium  involves  the 
halving  of  tlfose  of  ammonium  (NHJ,  sodium,  silver,  and 
gold,  ^cause  potash  is  isomorphous  with  oxide  of  ammo- 
nium (NH4  O)  and  soda,  and  me  last  of  these  with  oxide 
of  silver ;  and  because  silver,  in  combination  with  the 
most  various  quantities  of  gold,  always  crystallizes  in  the 
same  form,  a  circumstance  which  indicates  the  isomor- 
phism of  these  two  metals.  The  halving  of  the  atomic 
weight  of  silver  had  before  been  proposed  by  H.  Eose, 
beeausd  in  grey  copper  ore  one  atom  of  silver  takes  the 
place  of  two  atoms  of  copper,  and  the  crystalline  form 
of  Ag  S,  as  well  as  that  of  Cu,  S,  belongs  to  the  regular 
system.  According  to  this  view,  the  atomic  weights  of 
N,  H,  K,  Na,  Ag,  and  An,  would  be  reduced  to  one-half 
of  the  values  now  assigned  to  them;  potash  would  be 
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K,  O,  soda  Na,  O,  oxide  of  silrep  A^,  O,  and  suboxide 
of  silver  Ag*  O.  By  halving:  the  atomic  weiglits  of  potas- 
siam  and  chlorine  the  similar  forms  of  KG,  CI  Ot,  and 
Ba  O,  S  0,  would  also  be  explained,  for  the  composition 
would  then  be  K  CI  O*  and  Ba  SO4.*'  *  Numerous  facts 
are  opposed  to  Schaflgotsch's  hypothesis,  and  therefore 
no  value  is  attached  to  it. 

266.  Before  directing  the  attention  of  the  student  to 
the  value  of  isomorphism  in  determining  equivalent 
numbers,  we  will  briefly  bring  before  his  notice  the 
points  at  which  we  have  arrived. 

1.  We  have  seen  that  some  bodies  are  similar  in  crys- 
talline form,  and  similar  in  chemical  constitution  and  pro- 
perties ;  bodies  which  are  thus  alike  in  form  and  consti- 
tution can  replace  each  other  in  indefinite  proportions. 
These  isomorpnous  bodies,  as  we  have  seen,  are  not  always 
made  up  of  the  same  number  of  elementarjr  atoms. 

2.  We  have  seen  that  some  bodies  are  similar  in  crys- 
talline form,  but  unlike  in  chemical  constitution  and 
and  properties ;  bodies  which  are  alike  in  form  but  unlike 
in  chemical  constitution  cannot,  as  far  as  our  knowledge 
at  present  extends,  replace  one  another  in  indefinite  pro- 
portions. 

3.  We  find  that  many  bodies  which  are  not  generally 
considered  isomorphous,  but  which  are  analogous  in  che- 
mical constitution,  possess  the  property  of  replacing  each 
other  in  compounds  (258). 

267.  It  is  probable  that,  just  as  the  allotropic  state  of 
elementary  bodies,  according  to  Brodie's  experiments 
(193),  is  due  to  those  substances  possessing  a  different 
atomic  number  in  this  state  to  what  they  possess  in  their 
ordinary  state,  so  the  dimorphism  of  bodies  may  be  due 
to  the  same  cause ;  and  possibly  many  of  the  substances 
which  are  similar  in  form,  but  which  at  present  are  not 
considered  to  have  a  similar  chemical  constitution,  may 
be  made  to  harmonize  in  the  latter  respect  in  the  same 
way.  This  idea  is  supported,  I  think,  by  Scheerer's  disco- 
very (253),  that  two  atoms,  and  sometimes  three  atoms, 
of  water  are  isomorphous  with  one  atom  of  the  oxides 
forming  Group  X. 

268.  The  aid  derived  from  isomorphism  in  determining 

•  "  Gmelin'a  Handbook  of  Chemistry,"  toI.  i. 
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eouivalents  wiU.  be  best  understood  by  the  following  exam- 
ples. Not  long  ago,  only  two  oxides  of  chromium  were 
known ;  they  have  the  following  composition : — 

In  the  firat  oxide,  every  187  parts  of  chromium  are 
united  with  8  of  oxjrgen. 

In  the  second  oxide,  every  18*7  parts  of  chromium  are 
united  with  16  of  oxygen.  Now  the  atomic  constitution 
of  the  first  was  determined  to  be  not  the  protoxide,  but 
the  sesquioxide,  because  it  was  found  to  be  isomorphous 
with  sesquioxide  of  iron ;  the  second  oxide  (chromic  acid) 
became,  therefore,  the  teroxide;  and  this  view  of  the 
composition  of  this  oxide  was  beautifully  confirmed  by  the 
discovery  that  chromic  acid  was  isomorphous  with  man- 
ganic and  stJphuric  acids.  Since  this  view  was  tat  en  of 
the  constitution  of  these  two  oxides,  another  oxide  of 
chrome  has  been  discovered,  which  contains  two-thirds  less 
oxygen  than  chromic  acid ;  therefore,  if  in  the  latter  com- 
pound three  equivalents  of  oxygen  are  united  with  one  of 
chromium,  this  new  oxide  must  be  the  protoxide  of  cliro- 
mium,  which  is  proved  to  be  the  case  by  its  yielding  salts 
isomorphous  with  the  salts  of  protoxide  of  iron,  &c.  In 
like  manner,  alumina  is  regarded  as  the  sesquioxide  of 
aluminum,  because  it  is  isomorphous  with  sesquioxide  of 


*  Tbe  Btadent,  after  he  has  finished  this  chapter,  is  recommended  to 
study  the  chapters  on  Isomorphism,  Dimorphism,  Allotropism,  and  Isome- 
rism, in  Kane  a  "  Elements  ofChemistry,"  2nd  edit. 
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CHAPTER  VI. 

ATOMIC   WEIGTTTS  OF  THE  ELEMENTS.      THE  CONSTITUTION 
OF    CDMFUCNI>    BODIES.      THE    MEANING   OF    CHEMICAL 

FOBMUL.^. 

Clijssijirfifjon  of  the  elements,  269.  Equivalents,  271- 
Aiomic  wrifjhh^  276.  Arguments  for  doubling  the  atomic 
iteighi  of  oxt/^eu,  ^c,  282.  Arguments  against  doubling 
the  atomic  ireu/ht.  of  oxygen,  c(c,,  330.  The  different 
views  if^htrh  fitjtt:  been  and  are  held  on  the  constitution  of 
compoufifh^ '^^IS.  The  unitary  system,  ^b^.  Williamsons 
remans  for  rofi^i 'String  that  many  bodies  are  formed  on  the 
f^pe  of  walcr,  37!J.  I'he  different  views  which  have  been 
fjtui  arc  hehi  vn  ihe  constitution  of  the  alcohols  and  ethers, 
and  the  dtjff.re^/  theories  of  etherijication,  S7^.  The  dif- 
ferent vii^ifjs  ii'hirh  have  been  and  are  held  on  the  constitution 
of  ammonia,  3lJ(i.  Double  decomposition  regarded  cu  the 
type  of  chefakiif  iicdon  in  general,  419.  The  meaning  of 
formulfPf  42 <  I;  77/ ^  same  body  can  have  more  than  one 
rat  tonal  fo  rm  « la.  122.  Molecular  types,  426.  Equivalent 
values  af  radteah*  438.  Equivalent  notation,  44^.  Con- 
inffuie  raJlcah,  4 17.  Oerhardfs  system  of  classification, 
45  L  Tith  fe  fjf  t h e  classification  of  bodies  according  to  their 
chemica  I  fund  ioti^t. 

SC9.  Clas£tJli*(i(ion  of  the  elements. — The  elements  are 
usually  dirided  into  two  classes,  metals  and  metalloids; 
this  division  is  the  one  which  was  adopted  in  the  infancy 
of  the  acienti*,  and  is  still  generally  continued,  more  on 
account  ofits  simplicity  and  convenience  than  its  correct- 
ness ;  ill  the  foUo^vijig  table  they  are  distributed  into  the 
most  niituml  families  or  groups.  In  many  instances,  these 
natural  relations  between  the  individual  elements  thus 
sfTOupeJ  together  are  very  striking,  in  others  they  are  more 
obscurely  marked,  and  m  the  case  of  the  metals  of  the 
earths  jjroper,  as  vi^ell  as  of  the  noble  metals,  the  natural 
ja.(iiaiiied  at  ibeee  elements  with  the  others  are  as  yet  very 
incompletely  known* 
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Table  of  the  Elements. 


F 

Fluorine 

19-0 

G 

Grlucinum 

4-7 

CI 

Chlorine 

35-5 

Y 

Yttrium 

320 

Br 

Bromine 

80-0 

Th 

Thorium 

59-5 

I 

Iodine    • 

1270 

Mg 

Magnesium 

120 

Zn 

Zinc 

32  5 

O 

Oxygen  - 
Sulphur  - 

160 

Cd 

Cadmium 

560 

s 

320 

8e 

Selenium 

80-0 

Hg 

Mercury  {Ri/' 

T 

Tellurium 

1280 

drargyrum) 
LeBLd(Piumbum) 

100-0 

Pb 

103-5 

P 

Kitrogen 
PhoB^orus    - 

140 
310 

Ag 

Silver  {Argen- 
tum)     . 

118-0 

As 

Arsenic  - 

750 

Cr 

Chromium 

28-3 

Sb 

Antimony  (8U 

Mn 

Manganese 

27-0 

hium) 

1200 

Fe 

Iron  (Ferrum)  - 

280 

Bi 

Bismuth 

2080 

Ni 

Nickel    - 

29-5 

Co 

Cobalt    - 

29-5 

C 

Carbon  - 

120 

Cu 

Copper  (Cuprum)  317 

Si 

Silicon    - 

28-5 

Al 

Aluminum 

13-7 

Ti 

Titanium 

48-5 

Zir 

Zirconium 

33-6 

Sn 

Tin  (Stannum) 

1180 

Ce 

Cerium  • 

46-0 

Ta 

Tantalum 

1380 

La 

Lanthanum 

46-0 

D 

Didymium 

48-0 

Bo 

Boron    - 

110 

U 

Uranium 

60-0 

H 

Bydrogen      - 

1 

Mo 

Molybdenum  - 

48-0 

Vd 

Vanadium 

685 

Li 

Na 

Lithium          -      70 
Sodium(iVa^W«OT)  23*0 

W 

Tungsten  (Fb//*- 
ram) 

92-0 

K 

Potassium  (Ka 
Hum)  • 

39  0 

Au 

Gold  (Aurum) 

1970 

Bb 

Bubidium 

86-3 

Eo 

"Rhodium 

520 

Cb 

Csesium  - 

123-4 

Ru 

Buthenium 

520 

Pd 

Palladium 

53-0 

Ca 

Calcium  - 

200 

Pt 

Platinum 

98-5 

Sr 

Strontium 

440 

Ir 

Iridium 

985 

Ba 

Barium  • 

68-5 

Os 

Osmium           • 

99-5 
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270.  We  Bhall  now  very  briefly  descnbe  some  of  the 
chief  elieinical  relationships  which  exist  between  the 
members  of  the  first  four  groups. 

1.  The  chlorine  class^  or  halogen  group. — The  four  ele- 
ments constituting  the  members  of  this  group  "  have  one 
marked  property  in  common,  a  property  not  pertaining  to 
any  other  element  with  which  we  are  acquainted — namely, 
that  of  uniting  with  hydrogen  in  the  proportion  of  atom 
to  atom,  gaseous  atomic  volume  to  gaseous  atomic  volume. 
The  combinations,  moreover,  take  place  without  any  con- 
densation; while  the  resulting  compounds  are  powerftil 
acids,  and  exhibit  a  striking  general  resemblance  in  their 
properties.  They  are  all  gaseous,  all  condensible,  all 
fuming,  all  soluble  in  water,  and  all  result  from  similar 
reactions.  Chlorine,  bromine,  and  iodine,  present  a 
marked  similarity  and  gradation  of  properties.  Fluorine 
is  separated  from  the  other  members  of  the  group  by 
certain  specialities."  The  properties  of  bromine  are  inter- 
mediate oetween  those  of  chlorine  and  iodine ;  its  atomic 
weight  and  vapour-density  are  about  the  mean  of  the 
atomic  weights  and  vapour-densities  of  chlorine  and  iodine 
(215—3) ;  it  is  a  liquid  at  the  ordinary  temperature,  whilst 
cldorine  is  a  gas,  and  iodine  a  solia;  even  its  colour  is 
intermediate  between  the  other  two.  These  three  bodies 
are  also  isomorphous  throughout  their  whole  combinations. 
They  all  three  unite  with  oxygen,  in  several  proportions, 
forming  corresponding  oxides ;  but  no  oxygen  compound 
of  fluorine  has  yet  been  discovered.  They  all  four  form, 
with  the  metals,  compounds  analogous  to  sea-salt,  and 
have  been  termed  halogens,  or  salt-producers  (from  oAc, 
"the  sea.") 

2.  The  sulphur  group. — Sulphur,  selenium,  and  tellu- 
rium, exhibit  the  closest  chemical  relationship;  they  all 
unite  with  hydrogen  in  the  proportion  of  one  to  two 
atoms,  one  atomic  volume  to  two  atomic  volumes.  These 
hydrogen  compounds  occupy  two  volumes,  they  are  gaseous 
bodies,  and  possess  feebly  acid  characters.  Their  oxJ^ea 
compounds,  or  anhydrides,  also  correspond  in  composition 
and  properties. 

SOj    SeO,    TeO, 
SO,    SeO,    TeO, 

The  lower  oxides  are  volatile,  whilst  the  higher  ones  are 
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decomposed  at  a  red  heat,  with  liberation  of  oxygen.  "We 
have  already  seen  that  the  sulphates,  seleniates,  and  tellu- 
riates,  are  isomorphous.  The  properties  of  selenium  are 
intermediate  between  those  of  sulphur  and  tellurium ;  its 
atomic  weight,  its  specific  gravity,  and  its  fusing  point, 
are  about  the  mean  of  atomic  weights,  specific  gravities, 
and  fusing  points  of  the  other  two  (215 — 3).  Selenium 
has  a  slightly  metallic  appearance,  whilst  tellurium,  on 
account  of  its  metallic  lustre,  is  frequently  classed  amongst 
the  metals. 

Oxygen  manifests  a  general  resemblance  to  the  other 
three  members  of  the  group ;  it  appears  to  occupy  towards 
them  the  same  relation  that  fluorine  bears  to  the  other 
members  of  the  halogen  group.  "  Oxygen  has  not  yet 
been  connected  with  the  other  three  members  by  a  certain 
isomorphism  of  any  of  its  compounds ;  but  a  close  corre- 
spondence between  it  and  sulpnur  appears,  in  their  com- 
pounds with  one  class  of  metals,  being  alkaline  bases  of 
similar  properties,  forming  the  two  great  classes  of  oxygen 
and  sulphur  bases,  such  as  oxide  of  potassium,  and  sul- 
phide of  potassium  ;  and  in  their  compounds  with  another 
class  of  elements,  being  similarly  acids,  giving  rise  to  the 
great  classes  of  oxygen  and  sulphur  acidi),  such  as  arsenious 
and  snipharsenious  acids.  They  further  agree  in  the  ana- 
Ic^  of  their  compounds  with  hydrogen,  particularly  of 
binoxide  of  hydrogen,  and  bisulphide  of  hydrogen,  both 
of  which  bleach,  and  are  remarkable  for  their  instability ; 
and  in  the  analog  of  the  oxide,  sulphide,  and  telluride 
of  ethyl,  and  of  alcohol  and  mercaptan,  which  last  is  an 
alcohol  with  its  oxygen  replaced  by  sulphur."* 

3.  Phosphorus  class. — Nitrogen,  phosphorus,  arsenic, 
and  antimony,  each  combine  with  three  atoms  of  hydrogen, 
the  compound  produced  occupying  two  volumes ;  none  of 
the  other  elements  are  capable,  so  far  as  our  knowledge 
extends,  of  forming  terhycfrides.  No  hydrogen  compound 
of  bismuth  has  yet  been  formed,  but  it  forms  with  chlorine 
a  terchloride.  The  terhydrides  of  nitrogen,  phosphorus, 
arsenic,  antimony,  are,  in  a  greater  or  less  degree,  basic  in 
character.  The  nydrogen  compound  of  nitrogen  has  long 
been  named  ammonia  *,  but  ammonia  is  now  beginning  to 
be  used  more  as  a  generic  than  a  specific  name,  as  recent 

•  Odling's  "  Munial  of  ChemiBtxy.'* 
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re*ca relics  have  proved  that  phosphoruB,  arsenic,  and 
aotimony,  eaii  occupy  the  place  of  the  nitrogen  in  the 
ammonia  ieries.  The  atomic  weight  of  arsenic  is  about 
the  mean  (if  the  atomic  weights  of  phosphorus  and  anti- 
moo  y.  We  have  already  noticed  (121). that  the  vapour 
dpnsities  of  phosphorus  and  arsenic  are  anomalous.  With 
rospect  to  the  isomorphous  relations  of  the  elements 
of  ibis  ^oup  we  refer  the  student  to  the  chapter  on 
iaomorphism* 

**  The  analogy  in  composition  and  properties,  manifested 
by  tbe  similar  compounds  of  the  five  elements,  is  most 
striking  and  complete ;  although  the  obvious  properties  of 
one  set  of  bodies  are  sometimes  represented  by  tne  latent 
properties  of  their  analogues.  The  series  of  corresponding 
f^hJoridee,  oitides,  and  sulphides  is  very  perfect,  as  shown 
below : — 

CI3N        N,0        N,0,        N,S,       P,S, 
C1,P        lf,0,       Sb,0,       As,Sj       AsjS, 
CLAb       N„0,       BijO.        Bi,S,       Sb^S, 
Cl.Sb       P,0,       N,0,        P,S,        Sb,S,0 
Cl.Bi       AsaOa     P,0.         AsaS,      Bi,Te,S"» 
C1,P        SbjO,     As,  65      Sb,a, 
Cl.Sb       BijOj      Bi.O^       Bi^S, 
4,  Silwoif  class. — Three  different  atomic  weights   are 
ttitsigned  to  silicon.    According  to  one  view,  its  atomic 
wci*?ht  is  21'3,  the  formula  of  silicic  acid  being  SiO, ; 
according  to  another  view  its  atomic  weight  is  14,  the 
formula,  of  silicic  acid  being  SiO..    We  have  already 
noticed  (171)  the  reasons  which  induce  some  chemists  to 
adopt  the  latter  formula  in  preference  to  the  first.    If  we 
adopt  Gerhard t's  view,  that  the  molecules  of  all  substances 
occupy  two  volumes  (see  par.  120)  in  the  gaseous  stat^, 
and  if  the  reasoning  which  has  led  chemists  to  double  the 
old  atomic  weights  of  carbon,  oxygen,  sulphur,  &c.,  be 
rorrect,  it  follows  that  the  atomic  weight  of  silicon  must 
be  %S,  and  the  atomic  weights  of  the  other  members  of  the 
jrroup  nniPi  be  increased  in  like  proportion;  these  new 
atomic  wei<;kts  we  have  given  in  the  table  of  elements. 
Zireonium  is  placed  by  some  chemists  in  this  class,  and 
some  include  boron;  but  the  vapour-densities  of  some  of 
the  compoufidH  of  boron  would  rather  indicate  that  it  was 

*  Odling'8  "Manual  of  ChemiBtry." 
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allied  to  the  members  of  the  third  group.  Professor 
Miller  thus  alludes  to  the  analogies  of  the  silicoa  gronp 
in  the  second  rolmne  of  his  "  Elements  of  Chemistry  ;" — 
"  Silicon  presents  a  certain  analogy  with  boron  m  its 
tendency  to  unite  with  fluorine  and  with  nitrogen ;  but  its 
relationship  to  niobium  and  tantalum  is  still  more  strongly 
marked,  not  only  in  these  particulars,  but  in  its  tendency 
to  form  an  acid  with  two  atoms  of  oxygen,  and  its  pro- 
duction of  a  TolatUe  liquid  bichloride.  Silicon  likewise 
exhibits  a  similar  resemblance  to  titanium  and  tin.  These 
metals  might  probably  be  arranged  thus  in  a  series, 
parallel  with  niobium  and  tantalum  :* — 
Silicon. 
Niobium  1  Titanium 

Tantalum  |  Tin." 

271.  Equivalents, — Although  equivalents  are  the  pro- 
portions m  which  bodies  can  replace  one  another  in 
combination,  they  are  generally  made  synonymous,  in 
chemical  writing,  with  combining  proportions,  or  atomic 
weights,  which  is  incorrect.  In  order  to  determine  the 
equivalents  of  any  two  bodies,  there  must  be  some  analogy 
between  them ;  they  must  fulfil  the  same  functions.  If 
a  body,  therefore,  performs  more  than  one  function,  it 
must  have  more  than  one  equivalent ;  consequently,  token 
100  speak  of  the  equivalent  of  a  hodyt  tee  should  always 
indicate  to  what  other  body,  to  what  functions,  to  whatpro^ 
periies,  that  equivalent  corresponds. 

272.  The  following  grouj^s  of  bodies  perform  the  same 
functions : — 1st.  The  majority  of  the  metals.  2Qd.  Oxy- 
gen, sulphur,  selenium,  and  tellurium.  3rd.  Fluorine, 
chlorine,  bromine,  iodine,  and  manganese,  4th.  The 
salifiable  oxides.    5th.   The  acids.    6th.  The  methylic, 

*  The  student  -mil  not  bare  failed  to  notice,  that  in  this  new  classiflcafcion 
of  the  elements,  that  several  of  the  elements  fonnerlj  classed  amongst  the 
metals  are  now  placed  with  the  metaUoids.  They  mark  the  transition  between 
ibe  two  dasses  of  elements.  They  share  with  the  metals — 1,  the  metallic 
lustre;  2,  conductmty  of  heat ;  3r  condnctiTity  for  electricit]r ;  4,  density. 
Tbey  possess,  like  the  metalloids,  the  property— 1,  of  beinf^  acidifiable ;  2,  of 
forming  only  feeble  salifiable  bases ;  3,  of  combining  easily  with  the  metals, 
in  the  manner  of  an  electro-negative  body :  4,  some  of  them  form  a  s 


oompoond  with  hrdrogen.  These  characters,  of  course,  are  not  absolnte. 
"Broi.  Jerome  NicVlte  observes,  that  though  they  have  a  metallic  lustre,  they 
are  all  brittle  ;  he  therefore  proposes  to  consider  as  temi-metaU  those  metalbc 
elements  which  are  neither  dactile  nor  malleable ;  in  other  words,  the  brittU 
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ethylic,  and  amy  lie  alcohols.  7th.  The  formic,  acetic,  and 
butyric  amides.  "  I  admit  that  we  can  determine  tha 
equivalents  of  the  bodies  which  compose  each  of  these 
groups ;  but  that  we  can  never  determine  the  equivalent 
of  a  metal  in  respect  to  that  of  an  acid ;  or  the  equivalent 
of  an  oxide  in  respect  to  that  of  an  amide.  Simple  bodies, 
oxides,  acids,  salts,  alcohols,  amides,  &c.,  fulnl  entirely 
different  functions ;  and  it  is  auite  impossible  to  establisa 
an  equivalence  amongst  them.  — Laurent. 

273.  Iron  must  have  two  different  equivalents  in  its 
two  basic  oxides,  for  in  protosalts  of  iron  (ferrous  salts), 
28  of  iron  is  the  equivalent  of  1  of  hydrogen  ;  in  persalts 
(ferric  salts),*  18|  of  iron  is  the  equivalent  of  1  of  hydro- 
gen ;  in  ferric  acid  it  must  also  have  another  and  di£(erent 
equivalent.  In  the  same  way,  mercury  has  two  equiva- 
lents ;  in  mercurous  salts  it  is  200,  in  mercuric  salts  it  is 
100.  Manganese  must  have  four  different  equivalents  in. 
the  four  compounds,  permanganic  acid,  manganic  acid, 
sesquioxide  of  manganese,  protoxide  of  manganese.  As 
the  permanganates  are  isomorphous  with  the  perchlorates, 
55*2,  the  quantity  of  manganese  in  one  atom  of  perman- 
ganic acid,  must  be  the  equivalent  of  35*5  of  clUorine, 
which  is  the  quantity  of  that  element  in  one  atom  of  per- 
chloric acid.  The  manganates  are  isomorphous  with  the 
sulphates :  27*6,  the  quantity  of  manganese  in  one  atom 
of  manganic  acid,  must  therefore  be  the  equivalent  of  16 
of  sulphur,  the  quantity  of  that  element  in  one  atom  of 
sulphuric  acid ;  18*4  of  manganese  in  manganic  salts,  and 
27*6  in  manganous  salts,  must  be  the  equivalent  of  1  of 
hydrogen.  When  an  element  has  two  or  more  different 
equivalents,  the  different  equivalents  might  be  indicated 
by  attaching  to  the  symbol  of  the  element  one  of  the 
Greek  letters,  as  a  for  the  lowest  equivalent  number, 
j8  for  the  next,  y  for  the  next,  and  so  on. 

274.  The  equivalents  of  bodies  are,  therefore,  the  rela- 
tive quantities  which  replace  each  other  in  actual  or  ideal 


*  When  ft  m6t«l  forms  two  oUnea  of  aalto,  as  the  proto  and  per-ozideB,  it 
has  become  the  fashion  of  late  to  indicate  the  class  of  salts  by  attachinc  to 
the  name  of  the  metal  ou$  for  the  lowest  olaas,  and  ic  for  the  hiehest ;  thns, 
instead  of  aayinff  protosalts  of  iron,  we  say  ferroiM  sslts,  and,  instead  of 
persalts,  ferric  s^ts;  and  we,  in  like  manner,  indicate  the  eqairalent  of  the 
metal,  where  it  has  more  thian  one  eqaivalent,  bj  calling  one  the  ferrous 
atom^  the  other  the  ferric  atom. 


i 

J 


THE  ATOMIC  WEIGHT  OF  OXTGEK.  171 

substitutions ;  they  may  correspond  to  atoms  or  to  mole- 
cules,  or  they  may  bear  a  simple  numerical  relation  to 
either  of  these.  And  the  number  of  equivalents  which 
may  be  assigned  to  any  body  will  be  equal  to  the  numbej: 
of  chemical  functions  it  fulfils. 

27o.  Mr.  Griffin  regards  a  body,  which  has  two  or  mor»- 
equlTalents,  as  difierent  in  its  different  equivalents  as  i 
it  were  in  each  case  a  distinct  and  separate  body.  What 
we  have  just  now  been  regarding  as  aifferent  equivalentr, 
he  regards  as  different  atomic  weights.  He  says,  **  I 
hold  the  opinion,  that  when  the  change  in  the  atomic 
weight  occurs,  a  change  takes  place  simultaneously  in  the 
quality  of  the  atom ;  so  that,  for  example,  the  mercurtc 
atom  is  not  merely  half  the  weight  of  the  mercurot/^ 
atom,  but  is  endowed  with  different  chemical  properties, 
and  capable  of  producing  compounds  which  also  differ  in 
properties  from  the  compounds  of  the  mercurous  atom ; 
so,  also,  the  ferrto  atom  is  not  merely  two-thirds  of  the 
(jnantity  of  iron  that  is  contained  in  the  ferrous  atom,  but 
is  a  different  chemical  agent,  possessing  properties  that 
are  peculiar  to  itself,  and  not  the  same  as  the  properties 
of  the  ferrous  atom.  The  characteristics  of  the  ferrous 
and  ferric  atoms  do  not,  on  this  view,  depend  upon  their 
relations  to  other  bodies,  nor  upon  the  equivalents  of 
other  bodies,  but  are  inherent,  and  not  conditional,  pro- 
perties. Each  is  a  single,  complete  chemical  atom,  and 
neither  of  them  is  an  equivalent  in  any  other  sense." 
Professor  Brodie  appears  to  hold  similar  views ;  at  least, 
he  considers  that  the  elements  in  the  allotropic  state  func- 
tion as  distinct  elements,  with  different  atomic  weights,  to 
what  the  eame  elements  have  in  their  ordinary  states  (see 
par.  198). 

276.  Atomic  weights. — A  molecule  or  molecular  atom  of 
any  element  is,  as  we  have  before  stated,  the  least  quan- 
tity of  that  element  which  can  exist  in  the  free  state ;  an 
atom  or  elementary  atom  of  any  element  is  the  least 
quantity  which  can  exist  in  combmation.  Three  systems 
of  atomic  weights  have  been  proposed.  One  system,  and 
it  b  the  one  which  has  been  almost  universally  adopted  in 
this  country,  is  founded  upon  the  hypothesis  of  i)alton, 
that  the  most  stable  compound  of  two  elements  must  be 
binary, «.  e.,  composed  of  one  atom  of  each  of  the  elements; 
now,  as  the  most  stable  combination  of  oxygen  and  hydro- 
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^en  is  water^  und  aa  t"he  hydrogen  and  oxygen  are  united, 
in  this  compound,  ia  tlie  proportion  of  one  part  of  hydro- 
gen to  L*i|;ht  parts  of  oxygen,  water  has  been  regarded  by 
jDalton,  Dav^y,  VVooUai^ton,  Henry,  and  others,  to  be,  in 
iiccordance  nitli  tlie  Daltonian  canon,  a  binary  compound, 
mnd  therefore  the  weiejht  of  an  atom  of  oxygen,  as  com- 
pared to  that  of  hydrogen,  must  be  as  8  to  1,  and  the 
rational  formuhi  for  water  must  be  HO.  We  give,  in 
accordanee  with  this  system  of  atomic  weights,  the  rational 
formuliE!  of  hydrochloric  acid,  chloride  of  sodium,  wat^r, 
and  oxide  of  silver,— 

Hydrochloric  acid  =  H  CI   I  Water  =  H  O 

ChJoriJe  of  ftodium  =  NaCl  |  Oxide  of  silver  =  AgO 

377.  Berzeliufl  considered  that  simple  substances  in  the 
gasmus  stale  contain,  under  like  conditions  of  temjperatwre 
and  presmre,  equal  numbers  of  atoms  in  equal  volumes. 
The  formula  for  water^  according  to  this  system,  must 
therefore  be  Hj  O,*  because  hydrogen  and  oxygen  combine 
in  the  proportion  of  two  volumes  of  the  former  to  one  of 
the  latter  element,  to  form  water.  The  atomic  weights  in 
this  system  are  the  same  as  those  in  the  former  system 
<276J,  with  the  exception  of  those  of  hydrogen,  nitko- 

GBK,     PnosPHORUS,     CSLOEINE,     BROMINE,     IODINE,     and 

Tfl^tJOBiNB,  which  have  half  the  values  assigned  to  them  in 
that8vatera,Tiz.:~{0  =  8);  H  =  0-5;  N  =  7;  P=15-5; 
CI- 17-75;  I  =  6^18 J  Br  =40-0;  F  =  9  36.  MetalHc 
oxides  are  repreaeiit<?d  by  the  same  formulae  in  both 
systemi.  The  formul*©  of  hydrochloric  acid,  chloride  of 
sodium,  water,  and  oxide  of  silver,  in  accordance  with 
this  system  of  atomic  weights,  we  here  give : — 


*  "  Berulitu  uiiuii«d  tliRt  those  bodies  which  possessed  the  strongest 
tl^Dtty  for  oijjren,  united  with  it  as  in  the  proportion  of  2  atoms  to  1 ;  and 
k11  his  old  Ubrra  of  the  atoniJL:  constitution  of  bodies  are,  in  fact,  oonstmeted 
fill  ihi*  priBtnpl^^. 

*'  Tjie  r^uDDft  he  a^inps  for  this  inference  are  cnrions,  reminding  one  of 
tho*€>  of  the  IndiiiTi  phiiK>9k>pl]er  for  considering  that  the  snaallest  portion  of 
Duiltf'r  Tisjhle  to  ihe  i^vi^  ma^t  consist  of  at  least  six  atoms.  He  contends 
that  a  eombinatiDn  ot  atom  with  atom  does  not  exist  in  nature;  because, 
beiof  cotnpOBed  of  lwo  iphori^^s,  it  would  only  be  extended  in  a  linear  diiec* 
Hon  J  wherenks,  whateTer  po^aesses  substance  is  composed  of  three,  four, 
flr^^  iiix^  or  aomtt  atiU  InrfjE^r  uutnber  of  spherical  atoms,  the  sphere  consti- 
ttttio^,  itsi  it  wei-p,  ibe  germ  of  ihose  geometrical  forms,  which  the  crystals 
of  all  bodii^s  esJuLilt  vtixh  m  much  regularity." — Dauheny  on  the  Atownc 
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Hydrochloric  acid  =  H,  CI,  I  Water  =  H,  O 

Chloride  of  sodium  =  Na  CI,  |  Oxide  of  silver  =  Ag  O 

278.  Grerhardt  adopted,  like  Berzelius,  the  hypothesis 
that  simple  substances  in  the  j^aseous  state  contain  equal 
numbers  of  atoms  in  equal  volumes ;  but  he  carried  out 
the  system  more  fully  than  Berzelius  had  done.  The 
halving  of  the  equivalents  was  extended  by  Gerhardt  to 
the  metals.  For  mercuric  oxide  contains  8  parts  of  oxygen 
to  100  parts  of  mercury,  and  the  vapour-density  of  mer- 
cury is  to  that  of  oxygen  nearly  as  6'9  :  1*1 ;  nence,  for 
the  formation  of  mercuric  oxide,  two  volumes  of  vapour  of 
mercury  and  one  volume  of  oxygen  gas  are  required ;  for 
2  X  6*9  :  1-1  =  100  :  8  (nearly).  According  to  this,  the 
equivalent  of  mercury  (that  of  oxygen  being  8)  is  eaual  to 
60,  and  the  formula  of  mercuric  oxide  is  Hgs  O,  tnat  of 
mercurous  oxide  =  Hg4  O.  Now,  since  the  chemical  rela- 
tions of  mercuric  oxide  are  analogous  to  those  of  cupric 
oxide,  ferrous  oxide,  zinc  oxide,  manganous  oxide,  mag- 
nesia, lime,  potash,  <&c.,  it  follows  that  these  latter  are  not 
composed  of  Cu  O,  Fe  O,  Zn  O,  Mn  O,  Mg  O,  Ca  O,  K  O, 
Ac.  but  of  Cu,0,  Fe,0,  Zn,0,  Mn,0,  Mg,0,  Ca,  O, 
K,  O,  &c. ;  their  formulaB  are  thus  brought  into  accordance 
with  that  of  water,  H,0,  and  the  equivalents  of  these 
metals,  compared  with  that  of  oxygen,  are  reduced  one- 
half. 

279.  Grerhardt  proposed  two  sets  of  formula;  in  the 
first,  he  adopted  Berzelius's  atomic  weights  for  the  metal- 
loids, but  halved  the  atomic  weights  of  the  metals,  for 
the  reasons  given  above.  The  formula  of  most  bodies 
corresponded  in  the  first  system  to  four  volumes  (oxygen 
=  8) ;  but  there  were  some  exceptions  to  the  rule,  these 
were  made  to  correspond  by  doubling  their  formulie; 
this  system  is,  therefore,  called  the  four^volume  system  of 
Gerhardt.  We  here  give  the  formulse  of  hydrochloric 
acid,  chloride  of  sodium,  water,  and  oxide  of  silver,  ac- 
cording to  this  system : — 

Hydrochloric  acid     =H,CI,    [Water-        -    =    H,0 
Chloride  of  Sodium  =  Na,  CI,  |  Oxide  of  silver  =  Ag,0 

280.  In  the  other  system  proposed  by  Gerhardt  he 
doubled  the  atomic  weights  of  O,  Se,  Te,  and  C,  whilst 
the  atomic  weights  of  the  other  elements  remain  as  in  the 
first  or  Daltonian  system  (276).    The  atomic  weights  of 


174  AKOUlfBITTS   FOB  DOITBLING 

compound  bodies  he  made  to  correspond  to  two  volumes  of 
vapour  f  1  of  H,  or  16  of  O  =  1  volume),  and  as  the  com- 
bining quantities  of  the  elements,  and  some  compound 
radicals,  correspond  only  to  one  volume  of  vapour,  Ger- 
hardt  has  proposed  to  double  the  atomic  weight  of  the 
uncombined  atom  of  these  bodies  so  as  to  make  them 
correspond  to  two  volumes  of  vapour.  (Consult  pars. 
120,  121,  122).  We  here  give  the  formulsB  of  hydro- 
chloric acid,  chloride  of  sodium,  water,  and  oxide  of  silver, 
according  to  this  two-volume  system  of  Gerhardt : — 

Hydrochloric  acid    =  HCl    1  Water  -    =11,0 

Chloride  of  sodium  =  NaCl  [  Oxide  of  silver   =  Ag,  O 

281.  This  last  system  is  now  beginning  to  he  very  gene- 
rally adopted, 

282.  A  rgumen tsfor  doubling  the  atomic  ioeigh  t  qf  oxygen, 
Sfc, — We  shall  now  give  the  arguments  for  doubling  the 
atomic  weights  of  O,  S,  Se,  Te,  and  C. 

283.  Ist. — In  all  volatile  organic  compounds,  the  con- 
stitution of  which  has  been  accurately  determined,  the 
number  of  atoms  of  these  elements  is  always  even,  if  we 
consider  the  weights  of  the  atoms  to  be  respectively  6,  8, 
16,  &c.  Provided  that  all  such  compounds  are  assumed 
to  correspond  to  two  volumes  of  vapour  (H  =  1). 

284.  2nd.— Pureijr  chemical  considerations  appear  to 
show  that  in  organic  compounds,  independently  of  any 
assumption  as  to  vapour-volumes,  the  number  of  atoms  of 
carbon,  oxygen,  and  sulphur,  is  always  even. 

285.  3rd. — When  oxygen  or  sulphur  replaces  hydrogen 
in  organic  compounds,  2  units  of  weight  of  hydrogen  are 
replaced  by  16  of  oxygen  or  32  of  sulphur ;  4  units  of 
hydrogen  by  32  of  oxygen,  and  so  on :  m  no  case  is  one 
unit  of  weight  of  hydrogen  replaced  by  8  of  oxygen. 

286.  4th. — The  least  quantity  of  oxygen  or  sulphur  set 
free  in  any  re-action  is  cither  32  or  64,  or  is  some  multiple 
of  32  or  64.  In  like  manner,  the  least  quantity  of  oxygen 
or  sulphur  which  re-acts  with  any  compound  body,  is 
a  multiple  of  16  or  32  by  an  even  number. 

287.  6th. — It  is  now  generally  admitted  as  a  law  that, 
in  the  case  of  the  elements,  one  molecule  consists  of  tvro 
associated  atoms;  there  exists,  however,  at  least  one 
exception  to  it.  The  vapour-density  of  phosphorus,  even 
at  a  temperature  of  1,010^  C,  corresponds  to  half  a 
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Tolmne,  the  atomic  weislit  being  taken  as  31.  Since 
Bulphor,  which  is  less  yoiatile  than  phosphonis,  is  a  per- 
fect gas,  even  at  860°,  we  cannot  admit  that  the  case  is 
otherwise  with  phosphorus,  or  reasonably  suppose  that 
the  vapour-density  would  correspond  to  one  Yolume  if 
determined  at  a  still  higher  temperature.  We  must, 
therefore,  admit  that  the  molecule  of  phosphorus  corre- 
sponding to  two  Yolnmes  of  vapour  contains  four  atoms, 
and  not  two  like  that  of  nitrogen ;  while  nothing  is  more 
certain  than  that  the  atomic  weights  of  phosphorus  and 
nitrogen  are  respectively  31  and  14.  In  like  manner,  the 
▼apour-density  of  arsenic  ap|)eaT8  also  to  correspond  to  half 
a  volume  only,  though  it  has  not  yet  been  determined  at 
temperatures  very  far  above  the  boiling  point.* 

288.  Dr.  Odling,  who  has  devoted  great  attention  to 
this  subject,  has  written  a  very  elaborate  paper  upon  it,t 
which  we  shall  now  give  almost  completely. 

289.  Whether  an  atom  of  water  contains  the  same 
quantity,  or  double  the  quantity,  of  hydrogen  that  is  con- 
tained m  an  atom  of  hydrochloric  acid,  and  whether  the 
atomic  weight  of  oxygen  is  8  or  16,  are  concrete  examples 
of  the  many  disputed  questions  which  lie  at  the  very 
basis  of  scientific  chemistry.  These  many  primary  ques- 
tions are  so  intimately  connected  with  one  another,  that 
if  the  answer  to  nearly  any  one  of  them  were  fully  agreed 
upon,  that  single  imanimity  might  almost  determine 
an  entire  unanimity.  But  to  arrive  at  such  a  desirable 
consummation,  it  is  necessary  for  some  one  or  other  of 
these  questions  to  be  fairlv  argued  out  upon  premises 
that  are  admitted  by  aU  to  be  indisputable.  And,  herein 
lies  the  great  difficulty,  because,  in  reality,  each  one  of  us 
has  formed  his  opinion  upon  the  single  question,  rather 
by  its  bearings  upon  all  the  other  disputed  questions, 
than  from  well-denned  premises  of  any  kind.  Each  party 
has  assumed,  instinctivelv,  certain  points  that  are  not 
proven,  or  are  disallowed;  and  from  these  assumptions 
has  deduced,  in  a  great  measure,  his  conclusion  upon  all 
the  questions.  Moreover,  to  no  one  question  can  there 
be  given  an  answer  the  correctness  of  which  is  proveable 


*  Dr.  Walcott  Gibbt,  ia  the  AiMriean  Journal  qfSeience^  toI.  xzzi. 
•   t  Dr.  OdliiiK.  ••  On  the  Atomic  Weights  of  Oxygen  and  Water :"  quarttrly 
Journal  of  {ha  Chemical  SoHetf,  vol.  zi. 
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to  demonstration.  Almost  every  fact  may  be  interpreted 
in  several  different  ways;  and  it  becomes  an  ai'gument 
from  probability,  from  analogy,  from  simplicity,  from 
consequences,  as  to  which  interpretation  is  most  exact. 
Bat,  apart  from  the  absolute  accuracy  or  falsity  of  any 
explanation,  it  is  evidently  most  inconsequent  to  in- 
terpret, as  many  chemists  do,  a  certain  set  oi  facts  in  one 
special  manner,  and  a  precisely  similar  set  of  facts  in  an 
opposite  manner.  Now,  it  is  to  this  time-honoured  incon- 
sistency that  I  wish  particularly  to  direct  your  attention. 
290.  The  elementary  bodies  unite  with  one  another  in 
certain  fixed  or  definite  proportions  to  form  an  infinite 
variety  of  compound  bodies.  We  find  by  experiment  that 
one  part  of  hydrogen  unites  with 35*5 parts  of  chlorine  to 
form  the  compound  body  chloride  of  hydrogen,  and  that 
35*5  parts  of  chlorine  unite  with  23  parts  of  sodium  to 
form  the  compound  body,  chloride  of  sodium.  We  take  the 
numbers  1,  35*5,  and  23,  to  represent  the  combining  pro- 
portions of  hydrogen,  chlorine,  and  sodium,  respectively ; 
and,  in  a  similar  manner,  there  have  been  assigned  to 
other  of  the  elements  certain  numbers  which  express, 
respectively,  the  least  proportion  of  the  element  that  unites 
witn  one  part  of  hydrogen,  or  that  replaces  one  part  of 
hydrogen  to  unite  with  35  5  parts  of  chlorine.    Thus : — 

35*5  parts  of  cldorine, 

1  part  of  hydrogen  unites  with- 


er 19  parts  of  fluorine, 
or  80  parts  of  bromine, 
'  or  127     parts  of  iodine ; 

.unite  with  35*5  parts  of  chlo- 
rine. 


and      1     part  of  hydrogen 
or   23     parts  of  sodium 
or    32*5  parts  of  zinc 
or  108     parts  of  silver 

The  proportion  in  which  hydrogen  enters  into  a  combina- 
tion, oeing  less  than  that  of  any  other  element,  is  assumed 
as  unity ;  and  as  the  quantitv  of  sodium,  or  zinc,  or  silver, 
that  displaces  1  part  of  hyarogen  from  its  combination 
with  35 '5  parts  of  chlorine,  also  displaces  it  from  its  com- 
bination with  19  parts  of  fluorine,  or  with  80  parts  of 
bromine,  or  with  127  parts  of  iodine,  it  is  evident  that 
the  numbers  1,  19,  23,  32*5,  35*5,  80, 108,  and  127,  indi- 
cate generally  the  proportions  in  which  the  elements 
hydrogen,  fluorine,  sodium,  zinc,  chlorine,  bromine,  silver. 
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and  iodine,  unite  with  one  another.  The  above  propor- 
tional numbers  result  from  a  common  well-defined  relation 
to  the  standard  of  comparison ;  they  are  mere  results  of 
experiment,  uncontrolled  by  any  theory  whatever.  So 
far  as  we  have  yet  gone,  our  idea  of  the  combining  pro- 
portion of  an  element  is  the  least  quantity  of  the  element 
that  can  unite  with,  or  replace,  I  part  of  hydrogen.  But 
this  simple  idea  has  very  speedily  to  receive  an  important 
modification.  We  find  the  smallest  quantity  of  nitrogen 
that  can  unite  with  1  part  of  hydrogen  to  be  4  7  parts, 
but  the  combining  proportion  of  nitrogen  is  fixed,  not  at 
4*7  parts,  but  at  three  times  that  quantity,  or  14  parts. 
We  find  that  1  part  of  hydrogen  unites  with  35'5  parts 
of  chlorine  to  form  hydrochloric  acid,  and  that  1  part 
of  hydrogen  unites  with  4'7  parts  of  nitrogen  to  form 
ammonia.  We  take  35*5  as  the  proportional  number  for 
chlorine ;  why  do  we  not  take  4*7  as  the  proportional 
number  for  nitrogen  P  Why  do  we  not  express  ammonia 
by  the  formula  HN,  precisely  as  we  express  hydrochloric 
acid  by  the  formula  UCIP  To  avoid  the  confusion  that 
would  arise  from  using  the  same  letter  to  express  two 
different  quantities,  we  will  take  the  symbol  Az  to  repre- 
sent 4*7  parts  of  nitrogen ;  so  that  3  H  Az  =  H,  N.  Now 
the  formula  H  Az  is  in  accordance  with  all  the  considera- 
tions hitherto  presented  to  our  notice ;  it  is  more  simple 
than  the  formula  HsN,  and,  by  its  means,  ammoniacfd 
compounds  in  general  might  be  represented  as  analogous 
to  cnlorine  and  fluorine  compounds;  thus, — 

Ammonia         -  -  HAz  HCl 

Trizincamide    -  -  ZnAz  ZnCI 

Trimercuramide  -  HgAz  HgCl 

Potaasamide     -  -  K  Az.  2H: Az  K  CI,  2  Hg  CI 

Sal-ammoniac-  -  HCl,  3HAz  KI,  3HgCl. 

Why,  then,  have  chemists  unanimously  reiected  the 
formula  HAz,  and  adopted  the  formula  H,NP  Now, 
although,  this  last  formula  may  have  originated  in  part 
from  accident,  and  have  been  retained  in  part  from  habit, 
yet  we  have  no  lack  of  real  arguments  to  show  the  neces- 
sity, or  at  any  rate  advisability,  of  maintaining  it.  I 
believe  the  prmcipal  arguments  are  the  following: — 
1.  Because  it  is  found  that  a  given  bulk  of  gaseous 

N 
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ammonia  contains  tliree  times  as  much  hydrogen  as  the 
same  bulk  of  hydrochloric  acid. 

2.  Because  it  is  found  that  a  given  bulk  of  nitrogen 
combines  with  three  times  as  much  hydrogen  as  does  the 
same  bulk  of  chlorine ;  and  that  the  relative  weights  of 
equal  bulks  of  nitrogen  and  chlorine  and  hydrogen  are  aa 
14  :  35-6  :  1. 

3.  BecHuse  certain  undoubted  analogies  and  ratios  of 
nitrogenized  bodies  are  concealed  by  formulae  in  which 
Az  =  4'7,  and  are  manifested  by  formulae  in  which  N  =  14. 

4.  Because,  in  ninety- nine  cases  out  of  a  hundred,  the 
quantity  of  ammonia  which  is  the  f^B^ent  or  resultant  of  a 
reaction  must  contain  three  units  of  hydrogen,  or  some 
multiphj  of  three  units  of  hydrogen;  and  consequently 
fourteen,  or  some  multiple  of  fourteen,  parts  of  nitrogen. 

6.  Because,  in  the  majority  of  the  compounds  "^ich 
ammonia  forms  with  other  bodies,  the  ammonia  must  be 
represented  with  three  units,  or  some  multiple  of  three 
units,  of  hydrogen. 

6.  Because,  although  the  composition  of  some  few  nitro- 
genized bodies  may  be  represented  most  simply  by  formulse 
m  which  Az  =  47,  yet  the  great  majority  are  represented 
most  pimply  by  formulae  in  which  N  =  i4. 

7.  Because,  in  ammonia,  the  actual  or  potential  replace- 
ment of  hydrogen  takes  place  definitely  in  thirds,  by 
three  successive  stages. 

291.  Although  the  above  arguments  cannot  be  conai- 
dered  to  prove  absolutely  to  demonstration  that  the  atom 
of  nitrogen,  or  the  smallest  indivisible  quantity  of  nitro- 
gen, that  can  enter  into  a  combination,  is  really  fourteen 
times  as  great  as  the  atom  of  hydrogen,  yet  they  present 
so  great  a  sum  of  probabilities  in  favour  ot  that  conclusion, 
that  chemists  have  been  unanimous  in  accepting  it.  With 
one  exception,  all  these  arguments  apply  with  equal  force 
to  the  elements  phosphorus,  arsenic,  antimony,  and 
bismuth ;  and  we  consequently  find  that  all  chemists  have 
agreed  to  accept,  for  tne  respective  atomic  weights  of 
these  bodies,  three  times  the  smallest  quantity  of  the 
body  which  unites  with  1  part  of  hydrogen,  or  with 
35*5  parts  of  chlorine.  The  excepted  argument  is  that 
relatine  to  the  vapour-densities  of  the  elements  in  ques- 
tion. But,  in  derault  of  this  argument,  we  can  bring 
forward  another  of  a  most  cogent  nature  in  behalf  of  the 
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triplication  of  the  atomic  weights  of  phosphorus,  arsenic, 
antimony,  and  bismuth,  namely,  that  derived  from  their 
gradatiooal  analogies  to  nitroi;en.  If  the  atomic  weight 
of  nitrogen  is  14,  and  not  4*7,  the  atomic  weights  of  pbos- 
phorus,  arsenic,  antimony,  and  bismntb,  mvLAt  be  respec- 
tiirely  31,  75,  120,  and  213,  and  not  the  thirds  of  these 
numbers. 

292.  From  the  aboTe  considerations  concerning  nitrogen 
and  its  congeners,  in  which  all  chemists  are  agreed,  it 
appears  tliat  while  the  determination  of  the  smallest  pro- 
portion of  an  element  that  can  unite  with  or  replace  one 

Sart  of  hydrogen  is  a  question  purely  experimental,  the 
etermination  of  the  atomic  weight  of  an  element  is  a  ques- 
tion for  the  judgment,  and  one  that  can  only  be  decided 
by  an  intimate  knowledge  and  due  considerdtion  of  very 
many  circumstances  connected  with  the  body.  Now, 
although  the  judgment  of  chemists  has  been  unanimous 
with  respect  to  nitrogen  and  its  congeners,  such  unanimity 
has  not  prevailed  in  reference  to  many  other  elements. 
Thus,  with  regard  to  silicon, — 
THoacsoN  represented  chloride  of  silicon  by  the  formula — 

Si  CI,  where  the  atomic  weight  of  silicon  =   7*12 ; 
GxELiN,  by  the  formula — 

Si  CI,,  where  the  atomic  weight  of  silicon  =  14*25 ; 
BsRZBLius,  by  the  formula — 

Si  CI,,  where  the  atomic  weight  of  silicon  =  21*37; 

whereas,  in  my  opinion,  the  balance  of  argument  is  in 
faTonr  of  the  formula — 

SiCl4,  where  the  atomic  weight  of  silicon  =  28*50. 

293.  In  reference  to  a  body  of  such  doubtful  analogies 
as  silicon — whose  combinations,  moreover,  are  remarkable 
for  their  complexity—it  is  natural  that  differences  of 
opinion  with  regard  to  its  atomic  weight  should  be  enter- 
tained by  different  chemists,  according  to  their  particular 
modes  or  viewing  the  subject ;  and  not  only  with  regard 
to  silicon,  but  to  boron,  to  gold,  to  uranium,  to  tantalum, 
aad  indeed  to  all  elements  the  analogies  of  which  have 
not  been  well  established.  But  in  reference  to  such  well- 
known  elements  as  oxygen,  sulphur,  and  carbon,  there 
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certfiinly  ought  to  be  the  same  unanimity  that  obtains  in 
the  ta^u  of  nitpogeo  ;  though  in  reality  we  6nd  the  discord 
even  more  yiolent  than  in  the  case  of  silicon. 

20  L  We  will  now  proceed  to  investigate,  from  nndis- 
ptiled  data,  the  atomic  weight  of  oxygen,  and  the  atomic 
wei^lit  of  water.  Is  the  atom  of  water  HO  =  9,  or 
H,e  =  l8P 

Hi  5.  All  chemists  admit — firstly,  that  the  atom  of  chlor- 
hy<ii'ic  acid  consists  of  1  part  of  hydrogen,  united  with. 
35  5  parts  of  chlorine :  secondly,  that  the  atom  of  ammonia 
con^^iffta  of  3  parts  of  hydrogen  united  with  14  parts  of 
nitrogen  ;  and  that,  as  compared  with  36*5  parts  of  chlo- 
rine. 14  parts  of  nitrogen  is  the  smallest  quantity  of 
nitrogen  that  can  enter  into  a  combination.  Now  I  wish 
to  liliow — firstly,  that  if  the  atom  of  chlorhydric  acid  con- 
iista  of  1  part  of  hydrogen  united  with  35*5  parts  of 
chlorine,  and  if  the  atom  of  ammonia  consists  of  3  parts 
of  hydrogen  united  with  14  parts  of  nitrogen,  then  the 
atoni  of  water  must  consist  of  2  parts  of  hydrogen  united 
with  H>  parts  of  oxygen :  secondly,  that  if  35*5  parts  of 
chlorlite  constitute  the  smallest  indivisible  quantity  of 
ofilortXiC  that  can  enter  into  a  combination,  and  if  14  parts 
of  nitrogen  constitute  the  smallest  indivisible  quantity  of 
nitroflfen  that  can  enter  into  a  combination,  then  16  parts 
of  OJtygen  constitute  the  smallest  indivisible  quantity  of 
oxyi^en  that  can  enter  into  a  combination  ;  or,  in  other 
words,  that  the  atomic  weight  of  oxygen  is  16,  when 
compared  with  the  atomic  weight  of  hydrogen  as  1,  of 
eblorine  as  35*5,  and  of  nitrogen  as  14.  Every  argument 
that  induces  us  to  accord  to  the  atom  of  nitrogen  the 
number  14,  rather  than  the  number  4"7,  should  also  induce 
U9  to  accord  to  the  atom  of  oxygen  the  number  16,  rather 
than  tlie  number  8. 

2c^G.  I  propose  to  review,  briefly,  all  the  arguments  we 
have  admitted  in  the  case  of  nitrogen,  and  to  prove  that 
they  are  equally  applicable  in  the  case  of  oxygen ;  or  to 
show  why  it  is  that  ammonia  must  be  written  H*  N,  and 
wat€T  H,  -O-,  as  compared  with  hydrochloric  acid,  HCl. 


NITBOOBN. 

a.  Because  it  is  found  that 
a  fftven  hulk  of  gaseous  am' 
motiitA  contains  three  times 


OXYGEN. 

a.  Because  it  is  found  that 
a  given  bulk  of  gaseous 
water  contains  twice  as  muck 
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as  much  hydrogen  at  the 
same  bulk  of  hydrochloric 
acid. 

6,  Because  it  is  found  that 
a  given  hulk  of  nitrogen 
combines  with  three  times  as 
much  hydrogen  as  does  the 
same  bulk  t^  chlorine  ;  and 
that  the  relative  weight  of 
equal  bulks  of  nitrogen  and 
of  chlorine  are  as  14  to  35'5. 


hydrogen  as  the  same  bulk 
of  hydrochloric  acid. 

p.  Because  it  is  found  that 
a  given  bulk  of  oxygen  com- 
bines with  twice  as  much 
hydrogen  as  does  the  same 
bulk  of  chlorine;  and  that 
the  relative  weights  of  equal 
bulks  of  oxygen  and  ff  chlo- 
rine are  as  16  to  36*6. 


297.  I  attach  very  great  importance  to  these  first  two 
arguments,  which  apply  with  equal  force  to  the  dupli- 
cation of  oxygen  and  the  triplication  of  nitrogen ;  to  the 
binhydric  character  of  water,  and  the  terhydnc  character 
of  ammonia. 


7.  Because  certain  un- 
doubted analogies  and  ratios 
of  nitrogenized  bodies  are 
concealed  by  formula  in 
which  A  z  =  4*7,  and  are 
manifested  by  formula  in 
»AicAN  =  14. 


7.  Because  certain  un- 
doubted analogies  and  ratios 
of  oxydized  bodies  are  con- 
cealed by  Jbrmula  in  which 
0  =  8,  and  are  manifested 
by  formula  in  which 
e  =  16. 


298.  These  reasons  apply  with  about  equal  force,  though 
in  a  somewhat  different  manner,  to  nitrogen  and  to  oxygen 
respectively.  Thus  with  Az  =  4*7  the  analogies  of  ni- 
trogen and  chlorine  compounds  would  be  concealed  by 
the  formuls,  for  we  should  have, — 

Nitrons  add.  CUorotiB  acid. 

H  Azt^t  instead  of  H  N-o-,   analogous  to  H  Ci  O-,. 

Nitrio  acid.  Chloric  acid. 

H  Az,-0-a  instead  of  H  N-^,  analogous  to  H  Ci-G-,. 

Femitrio  oxide.  Perchloric  oxide. 

Az«-0-4  instead  of  Na-O-4      analogous  to     CI,  ^^4. 

299.  With  0  =  8,  the  relation  of  water  to  the  alcohols 
as  the  undoubted  vanishing  point  of  the  series,  would  not 
be  manifested,  as  it  is  in  the  formulfe  with  ^  =  16. 
Thus,  if  we  write  alcohol  C4  H4  0„  wood  spirit  Ci  H4  0„ 
and  water  H  O,  the  relation  of  water  to  the  alcohols  does 
not  appear ;  but  in  the  following  series  of  formulse  it  is 
perfectly  apparent : — 
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•€.  H„  O  amy  lie  alcohol 
■€4H„ebu!ylic  „ 
-CjH.  O  propylic  „ 
-€,H,  eetliylic  „ 
~0  H4  emethylic  „ 
H,  O  hydric       „ 

300.  Tlif  ri'lation  of  water  to  the  alcohols,  as  shown  in 
the  abovf  formulae,  is  not  a  mere  paper  relation,  but  has 
its  foutKJation  in  experiment.  When  alcohol  and  water 
reBpeciively  are  acted  upon  by  potassium,  by  chloride  of 
benK*»yl.  ly  pentachloride  of  phosphorus,  and  by  a  host 
of  ofhiT  n  iiynntp,  the  reactions  are  acknowledged  by  all 
to  ho  pr*  finely  parallel.  All  chemiHts,  no  matter  what 
fornmUE  tkc*y  employ,  recognise  the  fact  that  the  quan- 
tity of  water  vihich,  in  a  reaction,  corresponds  to  one 
profinrlion  if  ulcohol,  must  contain  two  units  of  hydrogen. 

201.  Similarly,  with  regard  to  the  hydrated  bases  and 
acid't.  If  we  write  hydrate  of  potass  fe  H  Ot;  hydrated 
hypochlorotia  acid  H  CI  O, ;  and  water  H  O,  the  relation 
of  the  foni^ulaB,  as  representinj?  comparable  quantities, 
doen  not  appear.  But  in  the  following  series  it  is  per- 
fectly evident: — 

K  K  0  potass  oxide 

K  H  O  potass  hydrate 

H  H  e  water 

H  CI  O  hypochlcrous  acid 

K  CI  O  potass  hypochlorite 

CI  CI  O  nypochlorous  anhydride. 
302.  The  following  reactions,  among  many  others,  sho^ 
that   the   quHntity  of  water  which  corresponds  to  one 
proporuon  of  hydrate  of  potass,  or  of  hypochlorous  acid, 
must  contain  two  units  of  hydrogen : — 

1.  Action  of  chloride  of  benzoyl.* 
KJl  e  +  ^,  H.  CI  e  =  KCl  +  «,  HeO, 

Ht^+  eTH.cie=HCl  +  €,Hee, 

2.  Action  of  chlorine, 

KneH.ci,=HCie  +  KCi 
H,  e  +  ci,=H  cie  +  H  CI. 

*  Thi*  •tD(^«T)l  insy  pass  orer  the  ezaroplei  selected  from  organic  chemistry 
mtUl  hi'  h*%  kindled  Chapters  Yli.,  YIII.,  IX.,  and  X.,  he  ought  then  to 
rettirii  lu  Lhia  ctiapLer  ana  re-atudj  it. 


t^ 
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i.  Because^  in  ninety-nine 
eases  out  cfa  hundred,  the 
quantify  of  ammonia  whick 
ts  the  agdnt  or  resultant  of 
a  reaction,  must  c*tntain  Ha, 
or  some  multiple  of  H^\  and, 
consequently y  11,  or  some 
multiple  of  14.  parts  of  ni- 
trogen. 


d.  Because,  in  ninety-nine 
cases  out  of  a  hundred,  the 
quantity  of  water  which  is 
the  agent  or  resultant  of  a 
reaction,  must  contain  H,, 
or  some  multiple  of  ^t\  and, 
consequently,  16,  or  some 
multiple  ^  16  parts  of 
oxygen. 

303.  This  ar^ment  is  one  of  the  most  cogent  that  can 
be  addneed.     It  \^  «  ell  illustrated  in  the  case «  f  nitrogen- 
ized,  but  infinitely  better  in  the  case  of  oxidized  com- , 
pounds.    Let  us  adduce  some  nitrogenous  reactions. 

1.  Formation  of  ammonia  from  sal  ammoniac. 
NH4Cl  +  CaHe=NH,-hCaCH-H,e;  or 
A£.H,C1+  CaHO,=A«,  H,  +  CaCl  +  H.O,. 

2.  Jbrmalion  of  ammonia  from  nitrate  qf potass. 
KNe,  +  8H  =  KHe  +  NH,  +  2H,e;  or 
K:A«.0.+  8H  =  KHO,  +  A£,H,-t-4HO. 

3.  Formation  of  cyanogen  from  oxalate  qf  ammonia. 

2NH,.€,H,e4— 4H,e=2€N;  or 
2Az,H,.  C,H,0,  — 8HO  =  2C,Az,;  or 
Az,H„C,HO,   — 4HO    =    C.Az,. 

4.  Formation  ofhenzamide. 

-f  €,H,e;or 

A«,  H,  +  a  H,  (Cu  H.  O,)  O,  =  Az,  H,  (Cu  H,  OJ 
+  C,HeO,. 

304.  Express  the  above  reactions  howsoever  you  please, 
yon  cannot  represent  any  one  of  them  with  a  nroportion 
of  ammonia  containing  less  than  three  units  of  nydrogen, 
nor,  consequently,  with  less  than  14  parts  of  nitrogen .  And, 
whenerer  more  than  three  units  of  nydrogen  are  required, 
you  must  take  some  multiple  of  three  units  of  hydJ*ogen, 
and  some  multiple  of  14  parts  of  nitrogen ;  and  ninetr- 
nine  oases  out  of  a  hundred  will  yield  the  same  result, 
i^s  an  example  of  those  cases  in  which  it  is  possible  to 
represent  the  acting  or  resulting  proportion  of  ammonia 
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witb  leas  tltui  three  units  of  hydrogen,  I  may  adduce 

the— 

5.  Formation  of  triethylamine. 
JNrn,  +  36.H.I  =  N-36,H.-t-3HI;  or 
A?:Jl3  +  3C4H.I  =  3AzC4H,  +  3HI;  op 
jy:  H  H-  C4  H»I=:  AzC*  H.  +  H  I. 

305,  Anil  similarly  with  trimercuramine,  N  Hg,  = 
SA^Hgj  though  no  one  really  thinks  of  writing  the 
formula  of  these  bodies  with  only  one  unit  of  ethyl  or  of 
mprt'iiry  respectively. 

3(Mj.  Lc*t  ufl  now  revert  to  oxygenous  reactions.  I 
wish  to  show  that,  in  ninety-nine  cases  out  of  a  hundred, 
when  water  appears  as  the  agent  or  resultant  of  a  reaction, 
it  ift  imposiiibleto  represent  that  water  with  less  than  two 
atoms  of  hydrogen. 

let.  Whenever  an  alcohol,  ketone,  or  other  oxidized 
OTgflnit'  t?oiii  pound  yields  a  hydrocarbon  by  dehydration, 
the  wat/^r  t^iminated  contains  two,  or  some  multiple  of 
two,  units  of  hydrogen. 

1.  Formationofolefiant  gas  from  alcohol, 

e,H^e-H,e  =  e,H4;  or 
C^HeO, -2HO  =  C4H4. 

2.  Formation  of  mesitylene  from  acetone, 

ae^H^e— 3H,e  =  e,H„;  or 

BCeHeO,  — 6H0=C,eH„. 

3,  Formation  ofcymenefrom  camphor, 
*^iaHifl0  —  H,0=6,^Hi4;  or 
C»H,.0,  — 2HO  =  C,  Hu. 

Other  compounds  than  hydrocarbons  result  from  similar 
equations  ;  thus, — 

4,  Formation  (f  acrolein  from  glycerin, 
AjHse,  — 2H,e  =  6aH4e;  or 
aH,Oe  — 4HO  =  C«H40,. 

2nd.  Whenever  an  organic  acid  yields  a  pyroacid,  or 
other  pyroi^^oaous  product,  by  dehyaration. 

1.  Fonnation  qf  carbonic  oxide  from  formic  acid, 

€^H,  e,— H,e=6e;  or 

C,H,e4— 2HO=CaO,. 
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2.  Formation  qfmaleicjrom  fnalie  acid. 
€^H,0,  — Hjerse*!!*^*;  or 

3.  Formation  qf  pyruvic  from  tartaric  acid, 

e^H^e.— H,e— €e,=e,H,e,;  or 

C,H,0„  — 2HO  — 2CO,  =  C.H4  0.. 

4.  Formation  of  aconiiicfrom  citric  add. 

«.H,e,— H,e=e,H,e,;  or 

C„  H.  Ou  —  2  HO  =  0„  H.  0„. 

5.  Formation  of  pyromudc  from  mucic  acid. 

^.H,»e,— 3H,e— €e,  =  €.H4e,;  or 

Ci,Hu»0i,--6H0  — 2CO,  =  C,»H«Oa. 

3rd.  Whenever  two  compounds  act  upon  one  another 
to  form  a  new  compound,  with  sunultaneouB  elimination 
of  water. 

ACTION  07  AN  ACID  UPON  A  HTDBOCASBON. 

1.  Sttlphobenzidc. 
H,Se,  +  26,He  — 2H,e  =  e„H,»9e,;  or 
H,S,0,  +  2C„H,  — 4HO  =  CmH,oS,04;  or 
HS04  +  Ci,He-2HO  =  C.,H,odO,. 

2.  Sulphohejusidic  acid. 

H,se,  +  e,H«— H,e=e,HeSe,;  or 

H,S,0,+  Ci,H  — 2H0=Ci,H  6,0.. 

3.  Nitro^naphthalinc. 

HNe,  +  ei,H,-H,e=e^H,(Ne,);  or 

HNO.H-C,.H.-2flO  =  C«,HT(JSO0. 

ACTION   OV  AN  ACID  UPON  AN  ALCOHOL. 

4.  Fhosphovinic  acid. 

H,Pe,-t-«sH.e-H,e=H,(e,H.)Pe,;  or 

H,PO.  +  C4H.O,-2flO  =  H,(C4fl.)PO,. 
5.  Benzoic  ether. 

€TH.e,-t-^tH,e-H,e=e,H.,e,H.e,;or 

C„H.04+C«H,0,-2HO  =  C4H.,  CX4H.O4. 
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ACTION   OP  AN   ACID   UPON   AN   ALKALI. 

6.  Sulph-anilic  acid. 

HjS,0e-t-CuH,N-2H0  =  C„H,NS,0,. 
7.  Nitraniline. 

II N  e,  -f  e.H,N  -  H,e  =  e.H.  (N  e,)  N ;  or 
H  N  Oe  +  CuH,N  -  2 HO  =  C„H.  (N  OJ N. 

ACTION   OP  AN  ACID  UPON  AN  ACID. 

8.  Nitro-salicylic  add, 

H  N  e,  +  e^HeO, - H,e=6,H.  (Ne.) e, ;  or 

JINO.-t-Ca.H.Oe-2HO  =  Cx4H.(NO,)Oe. 

ACTION   OP  AN  ACID  UPON  AN  ALDEHYD. 

9.  Nitro-henzoie  aldehyd, 

KNe,-f-«TH.e— H,e=e,H.(Ne,)e;  or 
H  N  Oe-t-  C„H.O,-  2H0  =  C„H.(N  OJ  O,. 

ACTION   OP  AN   ALKALI  UPON  AN  ALDEHYD. 

10.  Hydrohenzamide, 
2NH,H-3e,Hee-3H,e  =  6„H„N,;  or 
aKH,  +  3Ca4HeO,-6HO  =  C«H„N,. 

4t1i.  Whenever  a  salt  of  ammonia,  aniline,  or  other 
volatile  alkali  loses  water. 

1.  Formation  ofcyanhydric  acid. 
lfl'K„€H,e,-2H.e  =  eNH;  or 
NH„C,H.04-4HO  =  C,NH. 

2.  Formation  of  henzanilide. 
€,H,N.€,Hee,~H,e  =  6.H.(€,H,e)N;  or 
CuH,N,C„H.04-2HO  =  Ci,HaCuH.O,)N. 

3.  Formation  of  aceto-nitrile, 
KH„€,H4e.-2H,e  =  e,H,N;  or 
:rCH,.  C,H,0,-.4HO  =  C4H,N. 

307.  In  all  the  illustrations  hitherto  brought  forward, 
the  water  has  been  the  resultant  of  the  reaction.  Many 
of  tbe«ie  reactions  are  capable  of  being  reversed,  and  the 
waU^r  then  appears  as  the  agent  of  the  reaction. 

308.  But  we  can  also  adduce  an  abundance  of  other  aad 
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moet  raried  instances  in  which  water  is  the  agent  of  a 
reaction. 

^  309.  The  circnmstance  that  2 HO  are  invariably  asso- 
ciated, is  strongly  suggestive  of  their  being  insopHrably 
associated — of  their  constituting,  in  fact,  but  one  atom. 


c.  SecautCf  in  the  majoriiy 
of  the  compounds  tohirh 
ammonia  form*  with  other 
bodies,  the  ammonia  must  be 
represented  rdth  three  units, 
or  some  multiple  of  three 
units,  of  hydrogen. 

I.  Because,  although  the 
formula  of  some  few  nitro* 
genized  bodies  may  be  repre- 
sented most  simply  by  for- 
mula in,  which  Az  =  4  7,  yet 
the  great  majority  are  repre- 
sented most  simply  by  for- 
mula  in  which  N  =  14. 


e.  Becaune,  in  the  ma* 
jorify  of  the  compounds 
whii'h  waterforms  withother 
bodies,  the  water  must  he 
represented  with  two  units, 
or  some  multiple  of  two  units, 
of  hydrogen. 

(.  Because^  although  the 
formula  ofsomefeworydized 
bodies  may  he  represented 
most  simply  by  formula  in 
which  0=S,  yet  the  great 
majority  are  represented 
most  simply  by  formula  in 
which  ^  =  16. 


310.  This  argument  applies  strongly  in  the  case  of 
nxtrogenized,  but  much  more  strongly  in  the  case  of  oxy- 
dized  compounds. 

311.  Ammonia,  and  all  derivations  of  ammonia,  in  which 
the  whole  of  the  hydrogen  is  replaced  by  one  single  kind 
of  metal,  or  hydrocarbon,  or  haloid,  might  be  represented 
more  simply  by  formulae  in  which  Az  =  4*7,  than  by 
formnlffi  in  which  N  =  14.  Thus,  triethylamine  is  written 
most  simply  Az  6,  H»,  though  most  correctly  by  N  3  6j  H,. 

312.  1  believe  that  all  other  nitrogenized  bodies  are 
necessarily  represented  most  simply  by  formulas  in  which 
N  =  14. 

313.  With  regard  to  oxygen,  all  hydrated  oxides,  double 
oxides,  hydrated  acids,  oxy-salts,  aldehjds,  ketones,  alco- 
hols, pseudo-sahne  ethers,  and  various  other  descriptions 
of  compounds,  doubtless  forming  together  99  per  cent,  of 
all  known  compounds  of  oxvj^en,  cannot  be  represented 
so  simply  by  rormulas  in  which  O  =  8  as  by  formulso 
in  which  %  =  16. 

314.  I  have  contended,  that  if  the  comparable  atoms  of 
nitrogenized  bodies  were  correctly  formulated,  they  would 
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all  of  them  be  represented  more  simply  by  formulae  in 
which  N  =  14  than  by  formulse  in  whicn  Az  =  47 ;  and  I 
now  contend,  that  if  the  comparable  atoms  of  ozydized 
bodies  were  correctly  formulated,  they  would  all  be  repre- 
sented more  simply  by  formulsB  in  whifh  O  =  16,  thaa 
by  formula  in  which  0=8.  Bat  precisely  as  there  are 
some  few  nitrogenized  bodies,  which,  wiih  the  symbol 
Az  =  4'7,  maybe  divided  into  thirds,  and  can  thus  receive 
simpler  formulae  than  with  the  symbol  N  =  14,  so  are 
there  some  comparatively  few  orydized  bodies  which,  with 
the  symbol  0  =  8,  may  be  divided  into  halves,  and  caa 
thus  receive  simpler  formulae  tlian  with  the  symbol  O  =  16. 
These  bodies  are  the  following : — 

315.  1st. — Most  compounds  in  which  oxygen  is  united 
with  one  kind  of  matter  only,  including  nearly  all  the 
simple  metallic  oxides. 

316.  Thus  with  O  =  16,  water  and  lime  must  be  written 
respectively,  Hs^  and  Ca,0,  analogous  to  hydrate  of 
lime,  Ca  H  ^ ;  but  with  0  =  8  they  may  be  written  thus 
— H,  Oa  and  Ca,  Oj,  analogous  to  hydrate  of  lime,  Ca  H  O, ; 
or  thus — H  O  and  Ca  O.  I  do  not  propose  to  argue  the 
point  whether  CaO,  or  CsaOi  (=Caj|0),  is  the  correct 
expression  for  a  metallic  oxide,  lime,  any  more  than  I 
have  are^ued  the  point  whether  Hg  Az,  or  Kg,  Az,  (=  Hg^ 
N),  is  the  correct  expression  for  a  metallic  nitride,  mercu- 
ramine .  We  are  at  present  discussing  w  liether  the  formrda 
of  water  is  H  O,  or  H,  O,  (=  H,  ^),  and  the  decision  upon 
this  point  will  determine  that  of  the  metallic  and  ouier 
simple  oxides.  It  may  be  observed,  however,  that  many 
strictly  comparable  reactions  can  be  effected  by  means  of 
lime,  hydrate  of  lime,  and  water  respectively,  and  that  in 
these  cases  we  always  require  2  H  O,  or  2  Ca  O,  to  effeet 
the  reaction.  Of  course,  if  Ca,  O,  is  the  correct  expres- 
sion for  the  atom  of  lime,  the  formula  with  O  =  16  is 
simpler  than  that  with  0  =  8,  and  similarly  with  other 
homogeneous  oxides. 

317.  2nd. — Bodies  analogous  to  ordinary  ether  and  the 
homogeneous  anhydrides.  "With  O  =  16,  ether  and  ben- 
zoic anhydride  must  be  written  respectively, — 

Et,  O  analogous  to  H  Et  O  and  Me  Et  e 

Ether.  Alcohol.  Methyl-ethyl-ether. 

And  Bza  O,  analogous  to  H  Bz  O  and  Ot  Bz  O. 

Benz-anhydride.  Benaoio  soid.      Othyl-beQs-Mihydride. 
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But  with  0=8  they  may  be  written  thus  : — 

Et,  O,  analogous  to  H  £t  O,  and  Me  £t  O, ; 
And  Bz,  O,  analogous  to  H  Bz  Oa  and  Ot  Bz  Oi. 
Or  thug :— Et  O  and  Bz  O. 

318.  Now  all  arguments  founded  on  mode  of  formation, 
on  reaotiouH.  on  vapour-densities,  or  seriated  position  and 
properties,  &g„  tend  to  show  that  Et  O  and  Bz  O  are  not 
correct  expressions  of  the  nature  of  the  bodies  represented ; 
and  if  £t,  O,  and  Bz,  Oa  are  the  correct  expressions,  it  is 
at  once  evident  that  in  these  cases  formulsB  with  0=1  r« 
are  simpler  than  formul®  with  0  =  8. 

319.  3rd. — Certain  acids,  and  their  salts  of  one  metal, 
heretofore  usually  considered  monobasic,  but  which  in 
reality  are  bi basic.  Thus  with  0  =  16  the  hydrated 
carbonic,  sulphurous,  and  sulphuric  acids,  must  be 
represented  respectively  by  the  formulsB, — 

H,ee3  HaSOa  H,se,. 

But  with  0  =  8  they  may  be  represented  thus : — 

H.CaO,  H.SaO.  H.SaO.. 

Orthus,  HCO,  HSO3  H8O4. 

Bat,  in  these  cases,  we  can  adduce  strong  evidence  to 
show  that  the  simple  formulse  H  C  0„  H  S  0„  and  H  S  O4, 
are  not  correct  expressions  of  the  nature  of  the  bodies ; 
and  if  the  correct  expressions  are  Ha  C,  0«,  H,  8, 0,,  and 
Ha  Sa  0«,  that  is  to  say,  if  the  acids  are  bibasic,  then  the 
formula  with  0  =  16  are  evidently  more  simple  than 
those  with  0  =  8. 


f|.  Because,  in  ammonia, 
tie  actual  or  potential  re- 
placement  of  hydrogen  takes 
place  definitely  in  thirds,  by 
three  successive  stages. 


tf.  Because,  in  water,  the 
actual  or  potential  replace- 
ment of  hydrogen  takes  place 
definitely  in  halves,  by  two 
successive  stages. 


320.  We  have  no  definite  nitride  that  can  be  repre- 
sented as  ammonia,  in  which  one-half  the  hydrogen  is 
replaced,  as  we  might  expect  if  the  atomic  weight  of 
nitrogen  was  4*7.  We  have  no  definite  oxide  that  can  be 
represented  as  water,  in  which  one-third  the  hydrogen  is 
replaced,  as  we  might  expect  if  the  atomic  weight  of 
oxygen  were  8.    Thus, — 
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Chloride, 

Oxide. 

Nitride. 

XCl 

KG 

HAz 

KaHffCl 

KO,  HO 

Wanting 

KCi,  2HgCl 

Wanting 

HAz.  2PtAz 

If  we  writ©  water  ^  J  0,  and  ammonia   H  V  N,  we  at 

once  POft  the  necessity  or  reason  for  the  vacancies.     In 
water  we  t'dTi  replace  a  half,  but  not  a  third.     In  ammonia 
we  can  ruplatJe  one- third  or  two-thirds,  but  not  a  half: 
Hi 

whereas  in  marsh  gas.  -j^  J-  6,  we  can  replace  one-fourth, 

h) 

two- fourths,  or  three- fourths,  but  not  one-third  or  two- 
thirds  of  tlie  hv'Hro^en,  We  are  acouainted  with  many 
ammonias  in  which  one,  two,  and  three  thirds  of  the 
hydrogen  aro  re  plained.     Such,  for  instance,  as 

K  FTa  K  potassamide 
N  H  I,  biniodamide 
If  Hgj    trimercuramine. 

But  the  most  strlkin^^  illustration  of  replacement  by 
third«  is  affi^rdod  by  HoiTmann's  researches  on  the  volatile 
alkaloids,  in  wJiidi  be  euccessively  replaced  one,  two,  and 
three  atomH  of  liytlrof^en  by  a  mere  combination  of  one 
and  the  same  prace»ij, 

AcELRioi>iL  Ethyl  in.  DieUiTlta.       Ethyl-methyl-aniline. 

(H  CPh 

N  ^  Et  N  ^Et 

^Et  CEt  (Me 

321.  We  are  acquaiiitcd  with  many  oxides  that  may  be 
oonaidered  as  derivatives  of  water,  in  which  one-half  the 
hydrogen  is  replace d,  or  in  which  both  halves  are  replaced 
by  dilFerent  elements  or  groupings.     Thus, — 

Eihyl«te  of 
WjhUr.         Al^oboL         Elhfr.     Methjl-ether.  Phenyl-ether.    potass. 


^1  uu.ii*.!'!  ^1*.  Ji^iitviia. 

fH  fH 


^)H  giH       gjEt      ^fEt       „fEt      i"tEt 

^JH  ^nt      ^Et      ^iMe      ^[Ph      ^1k 

fdrate  of  Oitide  of   Zint  oxide  Hjrpocblorite  Hjpoohlo-  HjpochloKNit 

poCat*.  putuB.      orpotAPs.       ofpotaas.     rous  acid,     anhydride. 

0*H  ^\K     ^jZtt      ^|K       ^(H       ^fCl 

^iK  **ie:    ^iK     ^{ci     ^Ici     ^tci 
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322.  In  many  cases  we  can  effect  the  total  rt^placement 
W  the  same  element  or  grouping  at  two  Buccessiv^e  stages. 
Thus,— 

Water  and  potassium  yield    ^   )  ;g;  f  Hydrate  of  potass. 

Hydrate  of  potass  and  ?  ^  \H  [  .,    ,    , 

iodide  of  ethyl  yield  -   \  ^  ^Etf  ^*^^^^^- 

Alcohol  and   potassium  ?  ^  i  ^  J  ^.,    i  ^      r      x 

yield-        -        -        •  \  ^  ^Ktf  ^*^y^*^^^<>^P<>^»- 

Sthylate  of  potass  and   )  ^  i  Et )  ^., 

iodide  of  ethyl  yield  -   5  ^  )  Et }  *'*^'^®'- 

Ethylate  of  potass  and  I  a  S  Et  >  ,,  ^i.  i  ^     r  xi.  i 

icSide  of  mShyl  yield   \  ^  ^  ^^\  Met\ij]fiteoNi}ijl. 

Hydrate  of  potass  and  (^AiK?^.,      -     ^ 
i>otas8ium  yield  -        -  J    ^   1 K  f  ^^'^^  ^^  P^^»- 

323.  This  brings  to  a  conclusion  my  arguments  upon 
the  atomic  weights  of  oxygen  and  water,  founded  on  a 
comparison  of  the  arguments  which  apply  in  the  case  of 
nitrogen  and  ammonia.  The  point  that  I  ur^e  is  not  so 
much  the  absolute  point,  namely,  that  the  atomic  weight 
of  oxygen  must  be  16,  as  the  relative  point,  namely,  that 
If  the  atomic  weight  of  nitrogen  is  14  and  not  4*7,  the 
atomic  weight  of  oxygen  must  be  16  and  not  8.  Every 
argument  that  applies  to  the  fir8t  case,  applies  wiih  equal  if 
not  greater  force  to  the  second.  I  know  very  well  that 
some  of  the  ar»{uments  I  have  adduced,  as  that  f^om 
analogy,  for  instance,  may  be  apparently  subverted  by  the 
subterfuge  of  writing  water  H,  O, ;  but  I  also  know,  that 
chemists  who  make  use  of  the  formula  H,  Ot  to  represent 
water,  act  m<  st  inconsistently  if  they  do  not  also  make 
use  of  the  formula  Ht  AS)  to  represent  ammonia.  There 
are  three  conseauent  methods  of  formulating  chlorhydric 
acid,  water,  and  ammonia,  in  respect  to  one  another, 
namely, — 

1.  n.  lu. 

HCl  HCl  HCl 

HO  H,0,  H»e 

HAz  HjAz,  H,N 

32  i.  The  tirst  method  was  that  employed  by  Dalton, 
who  wrote  ammonia  O  O  =1  +  6,  and  water  O  0=  1  +  7. 
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32a.  But  both  the  foUowin^  modes  are  most  incOQie^ 
quentj  and  tberefore  repreheasible — 

HCl  =2voh 


H,0,=  2voL 

H,N=^:^voL 
i  irelative  qim  n  i  i  t  if  g. 


snd 


HCl  =2  vol 

HO  ^iTol. 
H,N=^2voL 

326.  SerieR  TV.   reprefents 
Series  V,  Hocor^in  irrelative  fornmlse  to  comifirable  qnaii- 
titiea.     I  would  observe,  in  reference  to  Serie?^  I..  II.,  and 
III.,  that  tbe  selection  of-meor  other  of  them  involvps  btith 
a  question  of  (act  wn  d  a  qtieation  of  convenicmi'i*.    Whether 
the  firat  or  ipcond  series   reallj  repreBentH  compamhle 
quantitiefi — that  is  to  suyt  whether  the  atom  of  water,  or  J 
iLe   smallest  proportion  of  water  that  is  the  agent  or  1 
resuliant  of  a  re  at  lion,  contains  twice  as  miirh  hydrogta] 
as  the  atonii  or  sniallcBt  reacliag  and  result  iin:  proportioa  j 
of  hydroohioric  acid,  is  a  question  of  fact.     Wbt»ther  the 
formula  in  the  second,  or  that  in  the  third  series,  is  tlld  \ 
most  appropriate  mode  of  expressing  the  faet,  uiaj  be,  ta  ' 
some  extent  at  ieast,  a  quesitlon  of  convenienct',  tboughi  j 
at  the  same  time,  it  is  one  of  very  considerable  import ance. 
The  same  remarks  apply  to  the  formulsB  for  miinionia. 

327.  But  we  have  an  additional  argument   in  tHvour  of  ] 
the  duplication  of  the  atom  of  oxygen,  derived  from  the  f 
seneB  into  wliich  it  enters.     Thus,  in  all  conip-tunds  of  ^ 
oxygen  wi^h  two  other  kinds  of  matter,  as  paruculadj  ' 
instanced  by  ox- acids,  and  oxy-salts,  the  oxvL^eii  increaset 
by  16  part^ ;  ai^d  in  none  of  these  compounds  can  we  addt 
rsuUtract,  or  replace  a  less  quantity  than  16  parts  of  oxygeiL 
Why  tbia  should  be,  unless  the  16  parte  constitute 
indivisible  proportion,  or  chemical  atom,  I  am  at  a  loaa  ta  ' 
conceive*    The  following  are  illustrations  :— 

Chlorhydric  acid    - 
Hypocbloroiis  acid 
Chlorous  acid 
Chloric  acid   - 
Per  eld  or  ie  acid 


Phosphuretted  hydrogen 
Chlorophospiioric  aldihyd 
Hypo  phosphorous  acid  - 
Pho.Hpnorous  acid  - 
Phosphoric  acid 


HCl 

or  HCl 

HCie 

or  H  Ci  O. 

HCIO, 

or  H CIO, 

HCle, 

or  HCl O. 

HCie, 

or  H  CIO, 

H,P 

orlT.P 

ci,Po 

orCI.PO, 

orH.PO, 
or  H5PO. 


H,PO,    orHjPO, 
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Ethylene   -        -        -        -    H,e,  orH^C, 

Aldehyd    -        -        -        -    H^^.e  orH,C,0, 

Aoeticacid         -        -        -    H*^^,^,  orH4C4  04 

Glycolicacid      -        -        -    H*^^^,  orB4C4  0, 

Chloride  of  carbon     -        -    CI,  6  orCl.Cj 

CUee  or  CI, CO, 


Fonmcacid        -        -        -    H,6e,      orHjC.O* 
Carbonic  acid  (bydrated)    -    B,  6  6,       or  H,  C,  0« 

328.  Precisely  as  the  triplication  of  nitrogen  necessarily 
leads  to  the  triplication  of  phosphorus  ana  its  conveners, 
so  must  the  duplication  of  ozyKcn  lead  to  the  duphcation 
of  sulphur  and  its  congeners.  Eyery  argument  that  applies 
to  tiie  duplication  of  oxygen  applies  with  almost  equal 
force  to  ike  duplication  of  sulphur.  One  important  con- 
sequence arises  from  the  duplication  of  the  atomic  weight 
of  sulphur,  namely,  the  necessary  representation  of  the 
sulphurous  and  sulphuric  acids  as  Dibasic.  Now,  the 
Question  of  basity  is  a  purely  experimental  one.  If  we 
nnd  the  sulphurous  and  sulphuric  acids  to  hare  the  pro- 
perties of  bi  basic  acids,  we  have  a  strong  corroboration  of 
the  high  atomic  weights  of  sulphur  ana  oxygen.  But  if 
we  should  find  the  sulphurous  and  sulphuric  acids  to  have 
the  properties  of  monobasic  acids,  that  single  circumstance 
would  be  of  itself  almost  sufficient  to  discredit  the  view 
which  accords  to  oxygen  the  atomic  weight  16,  and  to 
sulphur  the  atomic  weight  32. 

329.  Grerhardt  considered  that  18  water,  28  carbonic 
oxide,  44  carbonic  acid,  80  sulphuric  acid,  &c.,  are  the  true 
atosuc  weights  of  these  substances,  from  this  circumstance, 
that  when  these  bodies  combine  with,  or  are  given  off,  in 
the  decomposition  of  organic  bodies,  the  quantity  of  these 
hodies  which  enters  into  combination,  or  is  set  free,  is 
always  18,  28,  44,  and  80  respectiyely,  or  some  simple 
multiple  thereof;  and  not  in  the  proportion  9, 14,  22,  or 
40,  as  he  considers  would  be  the  case  if  these  were  the 
atomic  weights  of  those  bodies. 

330.  Arguments  against  doubling  the  atomic  weight  of 

Trofessor  Faraday  discovered  that,  {f  the  same  pair  of 
ckmeiUsform  more  than  one  compound  with  each  other, 
o 
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it  u  only  the  compound  whieh  contains  one  equivalent  of 
each  element  that  admits  of  electrolysis ;  and  thai  electro- 
chemical equivalents  coincide  and  are  the  same  teith  ordinary 
chemical  equivalents.  He  thus  describes  the  application  of 
this  kw  of  electrolysis  to  the  determination  of  atomic 
weights : — "  A  very  yaluable  use  of  electro-chemical  eqni- 
Talents  will  be  to  decide,  in  cases  of  doubt,  what  is  the 
true  chemical  equivalent,  or  definite  proportional  or 
atomic  number  of  a  body ;  for  I  hare  such  a  conTiction 
that  the  power  which  governs  electro-decomposition  and 
ordinar]^  chemical  attractions  is  the  same,  and  such  con- 
fidence in  the  over-ruling  influence  of  those  natural  laws, 
which  render  the  former  definite,  as  to  feel  no  hesitation 
in  believing  that  the  latter  must  submit  to  them  also. 
Such  being  the  case,  I  can  have  no  doubt  that,  assuming 
hjdrogen  as  1,  and  dismissing  small  fractions  for  the 
simplicity  of  expression,  the  equivalent  number  or  atomic 
weight  of  oxygen  is  8;  of  chlorine,  36 ;  of  bromine,  78*4; 
of  lead,  103*6 ;  of  tin,  59,  &c.,  notwithstanding  that  a  very 
high  authority  doubles  several  of  these  numbers."  As 
water  is  an  electrolyte,  it  must  therefore  consist  of  an 
atom  of  oxygen  =  8,  and  an  atom  of  hydrogen  =  1. 
In  fact,  if  this  law  of  Faraday  be  universally  true,  the 
binary  nature  (composed  of  a  single  atom  of  each  of  its 
constituents)  of  a  compound  wouloTbe  at  once  determined, 
if  it  was  found,  by  experiment,  to  be  an  electrolyte.'^ 

331.  When  binoxide  of  nitrogen,  N  O,  (O  =  8),  is  acted 

rn  with  zinc-ethyl,  Zn  C*  H,  (C  =  6),  one-fourtli  of 
oxygen  (=8)  in  2  atoms  of  tne  binoxide  of  nitrogen 
is  replaced  by  the  radical  ethyl,  C4  H,  (C  =  6).  In  like 
manner,  when  carbonic  acid,  0  Ot  (C  =:  6, 0  =  8),  is  acted 
upon  with  sodium-ethyl,  Na  C4  Hg,  one-fourth  of  the 
oxygen  (=8)  in  2  atoms  of  the  carbonic  acid  is  replaced 
by  the  radical  ethyL 

332.  By  the  adoption  of  the  double  equivalents  fbr  the 
members  of  the  2nd  group  (oxygen,  <&c.),  there  ceases  to 
be  any  molecular  analogy  between  the  compounds  of  those 
bodies  and  those  forming  the  Ist  group  (chlorine,  Ac),  as 
shown  by  the  following  examples : — 


•  Henry's  "Life  of  Dalton." 


r 


THE  ATOMIC  WEXGHT  OF  OXTOEV.  196 

P)K>tox]deofiFon    -  Fe>0  Protocblorideofiron  FeCl 

PiDtoeuiphideof  iroa  Fet  S  Protoiodide  of  iron  -  Fe  I 

Sesquioxida  of  iron  Fe*  O*  Sesquichlorideofiron  Fe,G)t 

SesqniBolphide     of  8esqui-iodideof  iron  Fetl» 

iron   .        -        .  FoaSs  Terohlorideof  arsenioAiClt 

Arseaioufl  acid  (an-  Pentachlorideofanti- 

hjdride)      -        -  Ast  O,        mon j   -        -        -  Sb  CI, 

Pentoxide  <^  anti-  Terchloride    of  bifl- 

monj .        -        .  Sbs  Og        mafch    -        •        -  Bi  C]« 

Terozida  of  bismuth  Bi^Os  Bichloride  of  tin  (ike 
Binoxide  of  tin        -  Sn  O,        old  name)    -         -  Sn  CI* 

Mercnrous  oxide    -  Hgi  O  Mercurons  chloride  -  HgtCl 

Marouric  oxide       -  Hgi  O  Meroorio  chloride    -  Hg  CI 

333.  This  difference  between  the  composition  of  the 
oxides,  &c.,  and  the  chlorides,  &e.,  renders  the  reactions 
bj  which  the  one  class  is  converted  into  the  other  class  of 
compoonds  more  complicated.    Examples :— - 

Conversion  qf  protoxide  of  iron  into  protochloride. 
On  the  old  view.  On  the  new  riew. 

FeO  +  HCl=  Feg0  +  2HC1  = 

FeCl  +  HO  2FeCl-|-H,0 

Conversion  of  sesquioxide  of  iron  into  sesquichhride. 

F*,  O.  +  3  H  CI  =  Fe^O,  +  6  H  CI  = 

Fe^Cl,  +  3H  O  2  Fe,  CI,  +  3  H.O 

Conversion  ofarsenious  acid  into  terchloride  qf  arsenic. 

AsO,-f  3HC1=  As,0,  +  6HC1  = 

AsCJ,  +  3H0  2A8C1,  +  3H,0 

Conversion  of  binoxide  qftin  into  bichloride  (old  name). 

SnO,  +  2 H  Cl=  SnO»  -f  4HC1  = 

8nCl,  +  2HO  8nCl4  +  2H,0 

Conversion  ofmercurous  oxide  into  mercurous  chloride. 

Hg,0  +  HCl=  Hg40  4-2HC1  = 

HgiCl-fHO  2Hg.Cl  +  H,0 

Ctmsersion  ofmereurie  oxide  into  mercuric  chloride. 
HgO  +  Ha=  Hg,0  +  2HC1  = 

HgCl  +  HO  2HgCl  +  H,0 


im 


ABGUMBKTS  AGAINST  DOUBLING 


334.  The  atom  of  a  compound  body,  according  to  the 
new  views,  occupies  two  volumes  in  a  state  of  vapour; 
for  the  relation  oetween  the  atomic  weight  and  specific 
gTaTLly,  in  the  state  of  vapour,  has  been  so  unirormly 
obaervc^d,  that  chemists  are  inclined  to  doubt  the  exao- 
titudi>  of  the  formulas  of  all  compounds,  the  atomic  weight 
of  which  does  not  yield  two  volumes  of  vapour,  and  the 
determination  of  the  vapour-density  of  a  compound  has 
thus  become  one  of  the  most  important  means  of  control- 
Ung  chemical  formulse  (116).  But  there  are  some  known 
eit!cptions  to  this  rule,  of  which  the  following  are  ex- 
ampftvs, 

3;i5.  In  the  first  series  it  will  be  seen  that  the  mer- 
curic chloride,  bromide,  and  iodide,  occupy  only  one 
volume,  whilst  the  corresponding  mercurous  chloride  and 
brt:imide  occupy  two  volumes.  IT  we  make  the  equivalent 
of  the  metal  =  200,  then  the  mercuric,  as  well  as  the  mer- 
curous salts,  would  occupy  two  volumes  of  vapour.  The 
studerit  will  notice  that  two  volumes  are  conaensed  into 
one  in  the  mercuric  salts ;  therefore  the  vapour- volume  of 
one  of  the  elements  becomes  lost,  as  it  were :  and  three 
volumes  are  condensed  into  two  in  the  mercurous  salts ; 
the  viipour- volume  of  one  of  the  elements  is  therefore 
loat,  d^  it  were,  by  the  combination.* 


DenritjofT^poor. 

Name  of  the  subitaDoe. 

Experiment 

Theory 
one  volume 

Theory 

two  volume* 
Hsl 

Mercuric  iodide,  Hg  I     -    - 
Mercuric  bromide,  Hg  Br   - 
Mercuric  chloride,  Hg  CI    - 
Mertinroos  bromide,  Hga  Br 
^lercurous  chloride,  Hg,  CI  - 

23007 
175-96 
141-81 
146-73 
120-82 

227 

180 
136-5 

140* 
117-75 

Wc  will  first  give  the  next  series,  and  then  make  some 
observations  upon  their  vapour- densities. 

*  Tht^  Htudent  might  consult,  with  advantage,  a  paper  on  vapour-volumrs, 
l»f  Ckerills  Willianu,  in  the  CkewUeal  Jfewi,  vol.  i. 
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Name  of  the  saUkmce. 

Experiment 

Theoxy 

4  Tolumes 

Hsl. 

Cidoride  of  ammonium  .... 
Pentachloride  of  phosphorus  -  - 
Hjdroflulphate  of  the  sulphide  of 

ftmmonium      ....... 

Hydrotellurate  of  the  telluride  of 

ammonium-    ....... 

Hydrated  oxide  of  ethylene-diethyl- 

diammonium  -•....• 

12-87 
1304 

13039 

191 

33-2 

12-875 
12-75 

12-76 

20-6 

33-3 

336.  Dr.  Hofmann  has  discorered  that  hydrated  oxide 
of  ethylene-diethyl-diammonium,  iodide  of  tetrethylam- 
monium,  and  other  analogous  organic  bodies,  split  ap  into 
two  bodies  at  the  temperature  at  which  the  vapour-density 
is  determinable ;  hydrated  oxide  of  ethylene-diethyl-diam- 
monium  splits  up,  for  instance,  into  water  and  ethylene- 
diethyl-diamine,  iodide  tetrethylammonium  splits  up  into 
iodide  of  ethyl  and  triethylamine ;  the  consequence  is,  that 
the  balloon  contains  not  one  vapour,  occupying  four  to- 
lumes,  but  two  vapours,  each  occupying  two  volumes.*  As 
soon  as  the  balloon  cools,  however,  the  two  gaseous  bodies 
reoombine,  and  produce  the  original  substance.  These 
discoveries  of  Hofmann's  render  it  doubtful  whether  any 
substance  yields  a  four- volume  vapour ;  that  in  those  cases 
where  a  K>nr-volume  vapour  is  produced,  whether  it  is 
not  occasioned  bv  the  aecomposition  of  the  substances 
into  two  others  wnose  vapours  each  occupy  two  volumes. 

337.  If  a  compound  containing  oxygen,  or  one  of  the 
elements  whose  atomic  weights  are  doubled  according  to 
the  new  views,  contained  in  two  volumes  of  vapour,  which 
is  the  measure  of  an  atom,  8  of  oxygen,  or  a  quantity 
corresponding  to  the  old  atomic  weights  of  any  of  tb^ 
other  elements  whose  atomic  weights  are  now  doubled,  it 
would  prove,  at  least,  that  in  some  cases  the  old  atomio 


*  The  atndent  is  referred  to  Hofinann's  paper  for  the  method  he  adopted 
for  proving  experimentally  that  these  bodies  split  up  into  two  others. 
"  Frooeedings  of  Boyal  Society;'  yoL  x.,  page  696. 
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weights  of  these  bodies  were  correct;  but  no  compound 
has  yet  been  discovered  which  contains  in  one  atom  (^  2 
Tolumes  of  vapour) ,  8  of  oxygen,  16  of  sulphur,  Ac.  Th  e^e 
elements  are  always  present  in  two  volumes  of  the  com- 
pound, in  the  proportion  of  16  of  oxygen,  32  of  sulphur, 
or  in  some  multiple  of  these  numbers. 

338.  The  different  views  which  are  held  on  the  eon^ti' 
tution  of  compound  bodies. 

The  different  views  which  the  old  and  new  school  of 
chemists  hold  upon  the  constitution  of  compounds,  may 
be  said  to  have  their  origin  in  the  different  views  they 
hold  upon  the  constitution  of  the  following  class  of 
compounds, — the  hydrated  and  anhydrous  basic  bodies ; 
anhydrous  and  hydrated  acids ;  and  alcohols  and  ethers. 
We  will  give  the  constitution  of  caustic,  and  the  so-calkd 
anhvdrous  potash,  hydrated  and  anhydrous  nitric  acid^ 
alconol  and  ether,  according  to  both  views : — 

Old  yiev.  New  yimt. 

Old  atomio  weights.    New  atomio  weij^iu 

Potash         .        .        -  KG   -       .  .  KKO 

Caustic  potash      -        -KO,  HO-  -  K  H  O 

Anhydrous  nitric  acid  -  N  0»  -        -  -  N,  O, 

Nitncacid  -       .        -NO^HO-  -  NflO, 

Alcohol        .        .       -C.H.O,  HO  -  C.H.O 

Ether                    -       -  C^H^O      -  -  C4H„0 

339.  According  to  the  ordinary  or  old  view,  compound 
bodies  are  formed  of  two  groups  of  atoms,  maintained  in 
connection  with  one  another  by  an  electric  force.  They 
are  divided,  according  to  this  view,  into  four  classes,  vi^., 
acids,  bases,  salts,  and  indifferent  bodies.  That  the  class 
of  bodies  termed  salts,  are  formed  by  the  union  of  electro- 
negative bodies  (acids)  with  electro-positive  bodies  (bases) ; 
and  that  after  the  union  the  acid  and  base  both  exist  in 
the  salt;  they  are  supposed  to  be  simply  conjoined.  Thia 
system,  therefore,  explains  the  arrangement  of  the  atoms 
in  a  compound,  or  the  proximate  constitution  of  compound 
bodies.  The  combination  of  two  compound  bodies  is  con- 
sidered to  be  simplv  the  conjoining  of  the  two  togethoTi  as 
Ijoth  are  supposed  to  exist  in  the  compound  produced. 
This  system  is  therefore  called  the  jbualisttc  system^ 
because  compounds  are  regarded  as  formed  of  sacoessive 
binary  groups. 
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Examples : — ^Nitric  acid  is  considered  to  be  a  oomponnd 
of  anhydrous  nitric  acid  and  water.  Caustic  potash  is 
considered  to  be  a  compound  of  potash  and  water.  Al- 
oohol  is  considered  to  be  composed  of  ether  and  water. 
A  salt  is  considered  to  be  composed  of  an  acid  and  a  base. 

340.  The  constitution  of  compounds  is  determined, 
AcccMrding  to  the  daalistic  system,  b}  thei^  chemical  for- 
mation,  and  the  products  of  their  decomposition ;  in  other 
words,  by  the  phenomena  of  chemical  reactions ;  and  also 
by  the  substances  into  which  they  are  split  up  when 
decomposed  by  the  galvanic  battery.  According  to  this 
reasoning,  caustic  potash  is  composed  of  water  and  potash, 
because  it  can  be  decomposed  mto  these  two  substances, 
or  it  caa  be  formed  by  bringing  these  two  substances 
together.  According  to  the  same  reasoning,  nitric  acid  is 
composed  of  N  O,  and  H  O,  because  it  can  be  decomposed 
into  these  two  substances,  or  it  can  be  formed  by  bringing 
these  two  substances  together.  In  the  same  way,  salts 
•re  supposed  to  be  made  up  of  acids  and  bases,  because 
they  can  be  decomposed  by  chemical  reactions,  in  the 
galvanic  battery,  into  these  two  classes  of  compounds,  or 
they  can  be  formed  by  simply  bringing  these  two  dasses 
of  compounds  together.  We  shall  presently  have  to  con- 
sider wheiket  the  arrangement  of  the  atoms  of  a  com- 
pound can  be  determined  from  the  compounds  out  of 
which  it  is  formed,  or  from  the  substances  which  result 
from  its  chemical  decomposition. 

We  shall»  in  this  paragraph,  glance  at  the  decomposition 
of  some  compounds  by  tke  galvanic  current,  and  see 
whether  these  decompositions  accord  with  the  constitution 
of  these  bodies  according  to  the  dualistic  theory.  Solu- 
tions of  the  oxygen  salts  of  the  alkalies  and  alkaline  earths 
yield  the  hydtaU  of  the  base  at  one  pole,  and  the  hy  drated 
acid  at  the  other  pole  of  the  battery.  Solutions  of  the 
oxygen  salts  of  the  heavy  metallic  oxides  yield  the  metal 
at  one  pole,  and  the  oxygen  and  the  hydrated  acid  at  the 
other  pole.  A  solution  of  common  salt  gives  chlorine  at 
the  positiye,  and  soda  and  hydrogen  at  the  negative  pole  of 
the  imttery.  Hydrate  of  potash  yields  oxygen  gas  at  the 
positiye,  and  potassium  and  hydrogen  at  the  negative  pole 
of  the  battery.  Neither  in  the  decomposition  of  these 
or  any  otiier  compounds  by  the  galvanic  current,  do  those 
proxmaU  elemenU  s^araie  from  the  decomposing  sub- 
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stance  of  whicli,  by  the  dualistic  theory,  it  is  considered 
to  be  composed.  The  reactions  of  the  galvanic  battery  do 
not,  theretore,  support  the  constitntion  of  bodies  according 
to  this  theory;  indeed,  when  we  preyiously  considered 
(225)  the  decompositions  of  the  oxygen  salts  by  the  galyanic 
current,  we  saw  that  the  reactions  effected  rather  favoured 
the  ejustenoe  in  this  class  of  salts  of  a  metal  combined 
with  an  ozycompound  of  the  metalloid,  than  of  the  oxide 
of  a  metal  (the  oase)  combined  with  an  anhydrous  add. 

341.  I  shall  now  endeavour  to  lead  the  student  forward 
to  the  most  recent  views  of  the  constitution  of  compounds. 
This,  I  believe,  can  be  most  thoroughly  and  pleasantly 
accomplished  by  giving  a  condensed  history  of  the  views 
which  have  been  put  forward,  at  various  times,  by  dif- 
ferent chemists. 

342.  Dr.  Thomas  Clark  taught,  in  the  chemical  lectnrea 
he  delivered  in  the  Mechanics  Institution  of  Glasgow,  in 
the  year  1826,  that  the  so-called  hvdrated  oxygen  acids 
did  not  contain  water,  and  that  the  rormula  for  water  was 
not  H  O,  but  H  O,  H.  The  constitution  of  these  bodies, 
according  to  Dr.  Clark's  ideas,  was  given  by  Mr.  J.  J. 
Griffin,  in  a  work  which  he  published  in  1834,  under  the 
title  of  "  Chemical  Kecreations ;"  and  he  gave,  along  with 
these  views  of  Dr.  Clark,  his  own  views  upon  the  consti- 
tution of  thehydi*ated  and  anhydrous  metallic  protoxides, 
and  the  constitution  of  salts,  in  order  to  place  before  the 
student  the  views  which  Mr.  Griffin  then  held  on  the  con- 
stitution of  bodies,  I  will  give  a  few  extracts  from  "  Che- 
mical Becreations." 

343.  "  The  difference  between  an  acid  and  a  »ali  is 
this, — the  former  contains  one  combining  proportion  of 
hydrogen,  when  the  latter,  instead  of  this  hydrogen,  con- 
tains exactly  one  combining  proportion  of  a  metal,  all 
other  constituents,  both  of  the  acid  and  salt,  remaining  the 
same. 

Examples : — 

S,  O  ,  H  =  Sulphuric  add. 

S,  O^  K  =  Sulphate  of  potash. 

N,  0„  H  =  Nitric  add. 

N,  03,  K  =  Nitrate  of  potash. 

C,  0»  H  =  Oxalic  acid. 

C,  0„  K  =  Oxalate  of  potash. 

CI      ,  H  =  Muriatic  acid. 
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CI      ,  K  =  Muriate  of  potash. 

CI,  O3,  H  =  Chloric  acid. 

CJ,  0^  K  =  Chlorate  of  potash. 

'' Numberless  illustrations  of  this  sorfc  could  be  given, 
but  these  suffice  to  confirm  the  above  proposition,  viz., 
that  the  hjdrated  acids  are  simply  salts  of  hydrogen. 
The  reason  why  I  wish  to  direct  the  student's  attention  to 
this  subject  is,  that  in  every  chemical  book  which  falls 
into  his  hand,  he  will  find  the  absurd  proposition 
gravely  inculcated  that  the  salts  contain  acids  ;  tiiat,  for 
example, — 

Sulphate  of  potash  contains  sulphuric  acid. 
Nitrate  of  potash  contains  nitric  acid. 
Oxalate  of  potash  contains  oxalic  acid. 
Muriate  of  potash  contains  muriatic  acid. 
Chlorate  of  potash  contains  chloric  acid. 

All  of  which  assertions  are  destitute  of  the  smallest  foun- 
dation in  truth,  and  are,  indeed,  self-evident  impossibilities. 
In  fact,  it  would  be  quite  as  correct  to  say  that  sulphuric 
aoid  contains  sulphate  of  potosh,  as  to  say  that  sulphate 
of  potash  contains  sulphuric  acid.  The  truth  is,  that 
ikey  are  two  distinct  compounds,  each  of  which  contains 
the  same  number  of  constituent  atoms,  but  neither  of 
which  does,  or  can,  form  ^ar^  of  the  other. 

344.  "  The  hydrate  of  a  metallic  protoxide  contains  one 
atom  of  oxygen,  one  atom  of  hydrogen,  and  one  atom  of 
metal. 

345.  "  Every  chemist  but  m^raelf  assumes  the  hydrates 
of  metallic  protoxides  to  consist  of  metaUio  protoxides 
combined  with  water.  They  make  this  assumption  even 
in  cases  when  the  hydrates  have  been  exposed,  under 
common  atmospheric  pressure,  to  a  red  heat,  without 
suffering  decomposition,  or  giving  off  a  particle  of  steam. 
But  my  opinion  is  that  the  nydrates  of  the  metallic  pro- 
toxides contain  neither  protoxides  nor  water,  but  are 
constituted  of  one  atom  each  of  metal,  oxygen,  and 
hydrogen.  This  is  the  ultimate  constitution.  What  the 
proximate  constitution  is,  I  cannot  teU.  It  may  be 
kH  +  O,  or  K  O  -f  H,  or  K  +  H  O ;  we  have  no  means 
of  determining  which,  I  rest  upon  the  ultimate  con- 
stitution. 
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346.  "  The  difference  between  a  hydrate  of  a  protoxide 
of  a  metal  (such  as  slaked  lime),  and  an  anhydrous  pro- 
toxide of  a  metal  (such  as  quicklime),  is  this : — The  former 
contains  a  combining  proportion  of  hydrogen,  when  the 
latter  contains  a  oombming  proportion  of  a  metal.  The 
difference  between  a  hydrated  protoxide  and  an  anhydrooB 
protoxide  is,  therefore,  the  same  as  the  difference  between, 
an  acid  and  a  salt.  In  both  cases,  one  of  the  compounds 
contains  a  combining  proportion  of  hydrogen,  whick  is  re- 
placed in  the  other  by  a  combining  proportion  of  a  metal. 

Example : — 

Ca,  H,  O       -        -        Hydrate  of  lime 
Ca,  Ca,  O      -        -        Anhydrous  lime 

347.  "  This  is  the  case  with  all  the  metallic  protoxidea. 
It  is  needless  to  encumber  tiie  reasoning  with  illustrationB. 

348.  "  These  hydrates  of  protoxides  oontain  no  water, 
for  they  contain  but  one  proportion  of  hydrogen,  whereas 
water  contains  two  proportions.  Yet  they  give  off  water 
when  exposed  to  heat,  and  they  produce  nothing  else  than. 
anhj'drous  protoxides.  There  is  no  difficulty  in  aaoer- 
tainmg  how  this  effect  is  produced,  or  in  snowing  the 
source  of  the  constituents  from  which  the  water  is  pro^ 
duced  by  this  experiment  :— 

Two  proportions  of  What  they  produce  by 

hydrate  of  lime.  exposure  to  heat. 

CaHO  CaCaO 

CaHO  HHO 

349.  "  It  boots  not  that  we  know  how  many  elementsxy 
atoms  of  the  different  elements  composing  a  compound  are 
contained  in  that  compound.  These  are  but  the  ultimate 
constituents ;  and  what  we  want  to  know  is,  how  these  are 
combined  together  into  proximate  constituents.  This  is  a 
problem  for  future  times  to  solve,  and  it  is  a  problem  of 
that  importance  that  we  are  not  warranted  in  <U9uminff  its 
solution,  merely  for  the  purpose  of  grounding  a  nomen- 
clature and  a  system  of  arrangement  upon  the  assumed 
solution.  Yet  this  is  done  in  the  antiphlogistic  nomencla- 
ture and  theory.  It  is  assumed  that  sulphate  of  baryta 
contains  baryta  and  sulphuric  acid,  that  nitrate  of  potash 
contains  potash  and  nitrio  acid,  that  caustic  soda  contains 
protoxide  of  sodium  and  water;  and  these  a^umptions 
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form  the  groundwork  of  the  French  theory  and  nomen- 
clature— ^the  ^oundwork  of  the  theory  adopted  by  the 
gifted  Berzehus,  who  has  spent  twenty  years  in  vain 
attempts  to  establish  it.  The  root  of  the  system  of  this 
chemist  is,  that  in  the  sulphate  of  lead  the  oxygen  is  so 
divided  between  the  sulphur  and  the  lead,  that  the  portion 
combined  with  the  former  bears  to  the  portion  combined 
with  the  latter  the  ratio  of  3  to  1.  I  hesitate  not  to  say, 
that  tkU  is  an  assumption  incapable  qf  proof. 

360i  **  Let  us  examine  the  formation  of  sulphate  of  lime 
with  a  view  to  discover  its  proximate  constituents : — 

"  1st.  When  4  parts  of  sulphur  are  converted  into  sul- 
phuric acid  by  digestion  with  nitric  acid,  and  the  solution 
IS  precipitated  by  a  solution  of  lead,  the  resulting  sulphate 
of  lead  weighs  38,  containing  26  of  lead,  and  consequently 
8  of  oxygen. 

*'  2nd.  When  26  parts  of  lead  are  dissolved  in  nitric  acid, 
and  the  solution  is  precipitated  by  sulphuric  acid,  or  by 
the  solution  of  a  sulphate,  the  resulting  sulphate  of  lead 
weighs  38,  containing  4  of  sulphur,  an<r8  of  oxygen. 

"  drd.  When  30  parts  of  siuphuret  of  lead,  containing 
lead  26,  and  sulphur  4,  are  converted  by  oxidation  into 
sulphate  of  lead,  the  weight  of  the  product  is  38,  including 
8  of  oxygen. 

"  4th.  When  36  parts  of  chloride  of  lead,  which  contain 
chlorine  9,  and  leaa  26,  are  precipitated  by  sulphuric  acid, 
the  resulting  sulphate  of  lead  weighs  38,  and  contains  4  of 
sulphur  and  8  of  oxygen. 

"  5th.  When  30  piarts  of  brown  oxide  of  lead,  which  con- 
tains lead  26,  oxygen  4,  are  exposed  to  an  atmosphere  of 
sulphurous  acid  gas,  they  absorb  8  parts  of  that  acid,  equal 
to  oxygen  4,  and  sulphur  4,  and  produce  38  parts  of  sul- 
phate of  lead. 

361.  **  The  information  afforded  by  the  above  experi- 
ments is,  that  sulphate  of  lead  is  composed  of— 


Lead        - 

m                   m 

-    26 

Sulphur  - 

- 

-      4 

Oxygen  - 

- 

-      8 

Bat  none  of  these  experiments  afford  the  least  insight 
into  the  manner  in  which  these  elements  are  combined 
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together.  The  asBumption  that  ODe-fourth  of  the  oxygen 
is  eambined  with  the  lead,  and  three-fourths  with  the 
sulphur,  is  perfectly  flrratuitons. 

3^±  "  The  most  direct  of  the  whole  five  expenments 
(5th)  ie  in  favour  of  the  conclusion,  that  sulphate  of  lead 
ifl  Pb  O,  S  O ;  a  conclusion  very  different  from  that  which 
Ber^elius  comes  to,  but  which  agrees  precisely  with  m^ 
DpmioQ  that  26  parts  of  lead  is  the  quantity  which  18 
equivalent  in  combination  to  a  volume  of  hydrogen. 

353.  "  It  is  very  well  to  admit  the  doctrine  of  proximate 
t'OnBtitution  in  theory,  because  it  is  useful  in  explaining  a 
vartf^t^v  of  phenomena,  such  as  diemical  comoinatiouB, 
i>lectrinal  decompositions,  and  the  like.  But  when  we 
como  to  arrange  the  products  of  chemistry  into  a  system, 
and  to  give  them  systematic  names,  the  only  safe  wa^  to 
vtew  them  is  in  relation  to  their  ultimate  constitution. 
It  la  only  by  founding  a  nomenclature  upon  this  basis, 
that  we  can  nope  to  avoid  the  perplexities  which  arise  frtmi 
the  ffuess-toork  of  the  proximatists. 

351.  *'  But,  it  may  oe  said,  in  rejecting  proximate  con- 
stitutions, and  statmg  only  the  ultimate  constitution  of 
comiiounds,  you  give  fuse  notions  of  secondary  compounds, 
the  frroperties  of  which  depend  upon  the  nature  of  their 
proximate  constituents.  Thus,  sulphate  of  baryta  derives 
Us  properties  from  the  sulphuric  acid  and  baryta  which 
i!on»po8e  it. 

355.  "  I  reply,  No ;  sulphato  of  baryta  derives  its  pro- 
es  from  the 


pertios  from  the  barium,  sulphur,  and  oxygen 
compose  it,  just  as  sulphuric  acid  and  baryta,  considered 
aa  diittnct  compounds,  derive  their  properties  from  the 
RTume  ultimate  elements.  In  short,  viewed  in  any  light,  it 
ill  the  ultimate  elements  which  determine  the  character  of 
the  compounds.  There  is  a  fashion,  but  no  utility,  in 
flftBumiog  proximate  constitution  as  the  basis  of  a  sys- 
teimatic  nomenclature. 

356.  "  I  think  that  the  word  Acid,  taken  as  a  substan- 
tive name,  ought  to  be  disused  in  chemistry.  It  has  done 
mi^r-hief.  It  ought  to  be  employed  only  as  denoting  a 
quality." 

357.  The  elements  of  a  compound  may  be  brought  toge- 
ther in  a  variety  of  ways,  yet  the  same  compound  will  be 
produced,  provided  its  constituents  are  only  present  in  the 
right  proportions ;  and  a  compound  can  also  be  deoom- 
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poaed  in  a  Tariety  of  ways,  the  substances  into  which  the 
compound  is  resolved  varying  with  the  mode  of  decompo- 
sition. Thus  a  snlphate  may  be  produced  from  a  metal 
and  the  so-called  hydrated  aoid ;  or  from  the  oxide  of  a 
metal  and  the  anhydrous  add ;  or  from  the  binoxide  of 
the  metal  and  sulphurous  acid ;  or  from  the  sulnhide  of 
the  metal  and  oxygen ;  and  a  siilphate  might,  in  oifierent 
ways,  be  decomposed  into  these  aifiPerent  substances :  the 
proximate  elements  of  a  compound  cannot  therefore  be 
ascertained,  either  from  the  substances  out  of  which  the 
compound  is  formed,  or  from  the  substances  into  which  it 
is  decomposed,  as  the  dualigtic  theory  requires. 

368.  Tke  unitary  wtem  of  M,  Qerhardt, — Some  years 
after  Mr.  Griffin  haa  published  his  views  upon  the  consti- 
tution of  water,  the  anhydrous  and  hydrated  acids,  the 
anhydrous  and  hydrated  bases,  Mr.  G«rhardt  published 
similar  views,  and  employed  the  same  line  of  argument  as 
Mr.  Griffin  has  done,  with  the  exception  that  he  used  sul- 
phate of  baryta  instead  of  sulphate  of  lead  to  -illustrate 
the  impossibility  of  discovering  the  arrangements  of  the 
atoms  of  a  compoimd,  either  firom  the  substances  out  of 
which  it  can  be  formed,  or  from  the  substances  into  which 
it  can  be  decomposed.  He,  like  Mr.  Griffin,  considered 
all  chemical  compounds  as  Salts,  which  are  formed  of  a 
metal  and  a  non-metallic  body,  and  which  can  be  ex- 
changed by  double  decomposition ;  hydrogen  he  included 
amongst  tine  metals,  when  it  could  be  exchanged  in  its 
compounds  for  a  metal ;  he  therefore  classed  idong  wiUi 
tiie  bodies  which  other  chemists  recognised  as  saJts  the 
hydrated  acids,  water  and  the  bases.  As  he  reduced  all 
formuls  to  one  common  standard,  the  formulae  being 
derived  one  from  the  other  by  substitution,  he  called  his 
system  of  notation  "The  Uwitaey  Systbm."  Formuls 
in  the  unitary  system  **  were  framed  in  accordance  with 
the  following  hypothesis ;  namely,  that  salts  do  not  consist 
of  acids  and  oases ;  that  we  know  nothing  of  the  proximate 
constitution  of  salts  -,  that  it  is  impossible  to  determine  in 
what  manner  the  atoms  of  the  ultimate  elements  of  salts 
are  grouped  together ;  that,  consequently,  the  construction 
of  oualistic  formulae,  which  affect  to  explain  the  consti- 
tution of  salts',  is  unwarranted,  and,  fioally,  that  the  sym- 
bols composing  each  formula  should  be  made  to  represent 
only  a  single  molecule." 
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359.  M.  Gerliardt  thus  explains  the  unitary  system  in 
the  preface  to  his  work  entitled,  '*  Introduction  to  the 
Studjr  of  Chemistry  by  the  Unitary  System."  Hiis  book 
contains  an  essay  of  reform  which  I  submit  to  the  judg- 
ment of  chemists ;  it  contains  a  new  system,  and  a  new 
method  of  instruction,  the  application  of  which  to  che* 
mistry  appears  to  me  advanta^geous  with  respect  to  the 
progress  of  science,  as  also  to  that  of  instruction. 

360.  In  examining  with  honesty  the  general  system  of 
instruction,  one  is  forced  to  notice,  that  it  notonly  does  not 
giye  rigorous  definitions,  but  that  it  too  often  makes  use  of 
hypothetical  bodies  in  the  interpretation  of  phenomena. 

361.  In  the  system  which  I  propose  for  adoption,  all 
the  bodies  are  considered  as  unique  molecules,  whoee 
atoms  are  disposed  in  a  determinate  order,  whick  the 
chemical  reactions  indicate  only  in  a  relative  manner, 

362.  The  dualistic  system  assimilates,  on  the  contrary, 
all  chemical  compounds  to  oxides  or  to  salts,  and  attributes 
an  absolute  value  to  the  formuls  which  represent  theix 
composition.  These  formula,  in  my  opinion,  only  traee 
out  the  meaning  of  one  or  two  reactions ;  they  never  give 
the  true  image  of  the  molecular  constitution ;  they  only 
express,  I  repeat,  the  simple  relation  or  resemblance. 

363.  In  the  dualistio  system,  we  explain  or  define  things 
which  do  not  eyen  exist ;  this  method  is  incompatible  with 
the  unitary  system.  This,  in  effect,  takes  its  definition 
from  the  metamorphosis  of  bodies,  that  is  to  say,  from 
their  decomposition  or  from  their  formations,  and,  under 
this  relation,  it  responds  eyidently  to  the  especial  aim  of 
chemistry,  which  is  the  study  of  the  laws  of  the  trano- 
formation  of  matter. 

364.  Some  examples  are  given  in  order  to  comprehend 
this  difference.  The  dualistic  system  gives  Uie  name  of 
salts  to  bodies  which  are  composed  of  an  acid  and  a 
base ;  but  there  are  numberless  exceptions  to  the  rule. 
In  the  unitary  system,  we  call  all  bodies  containing  a 
metal,  which  can  be  exchanged  by  double  decomposition 
for  another  metal,  a  salt ;  that  is  to  say,  all  bodies  capable 
of  undei^oing  such  a  oharacteristio  metamorphosis. 

365.  The  dualistic  ^stem  calls  cUcohol,  the  combination 
of  a  compound  radical  of  carbon  and  hydrogen  with 
oxygen,  with  which  water  is  united :  I  define  the  alcohols 
in  this  way ;  they  are  composed  of  carbon,  hydrogen,  and 
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oxygen ;  tbey  are  capable  of  abandoniDg  the  elements  of 
water  for  converting  themselTes  into  a  combination  of 
n  G  H„  and  of  exchanging  H,  for  O  in  order  to  become 
monobasic  acids  n  C  H,  +  O,. 

366.  The  dualistic  system  calls  certain  bodies  amides; 
and,  according- to  this,  they  contain  amidogen,  which  is  an 
hy^thetical  body.  In  the  unitair  system,  the  denomi- 
nation amide  is  applied  to  the  homes  susceptible  of  con- 
vernon  into  amm<Kiiacal  salts  by  the  fixation  of  the 
elements  of  water. 

367.  Before  giving  a  few  more  extracts  from  Grerhardt's 
book  on  the  nnitary  system,  we  will  place  before  the 
student  the  arguments  which  Laurent  adduced  to  show — 
1st.  That  there  is  no  analogy  between  the  anhydrous  and 
hydrated  acids,  ^d.  That  the  so-called  hydrated  acids 
do  not  contain  water. 

1st.  The  anhydrous  and  the  hydrated  acids  are  always 
confounded,  and  employed,  theoretically  at  least,  the  one 
for  the  other.  Nevertheless,  these  bodies  do  not  present 
any  analogy ;  under  no  circumstances  whatever  do  they 
eomport  themselves  in  the  same  manner ;  their  functions 
are  entirely  different.  Take,  for  example,  the  anhydrous 
sulphuric  acid  and  the  sulphate  of  hydrogen  (hydrated 
sulphuric  acid).  The  first  ooes  not  combine  with  metals ; 
the  second  does  combine  with  them,  at  the  same  time 
liberating  hvdrogen.  The  first  unites  directly  with  the 
metallic  oxides ;  the  second  gives  rise  to  a  double  decom- 
position. The  first  does  not  decompose  chlorides,  and 
even  combines  with  some  of  them ;  whereas  the  sec<md 
decomposes  them.  The  first,  by  acting  upon  the  anhy- 
drous carbonate  of  ammonia,  does  not  give  rise  to  the 
sulphate  of  ammonium;  but  the  second  does.  The  first 
forms,  with  the  volatile  alkaloids,  amides  or  amidic  acids ; 
•the  second  gives  rise  to  salts.  The  first  combines  with 
chloride  of  ammonium ;  the  second  decomposes  it.  The 
first  behaves  in  one  manner  with  the  alcohols,  amides, 
and  hydrocarbons ;  the  second  behaves  in  another.  The 
parallel  may  be  pursued  as  far  as  we  please,  and  under 
no  circumstances  shall  we  discover  any  analogy  between 
the  reactions.  If,  in  opposition  to  this  opinion,  any  one 
were  to  advance  the  decomposition  of  carbonate  of  ]jotash 
by  the  anhydrous  and  the  hydrated  sulphuric  acids,  I 
would  ask  in  reply,  if  the  action  of  oxamtde  upon  potash 
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is  the  Bame  as  that  of  oxalate  of  ammonia  upon  the  same 
ba^e,  and  whether  it  is  always  necessary  to  neglect,  on 
aceaunt  of  its  cheapness,  the  water  which  is  added  or 
eliminated  P 

TLf"  aD  hydrous  and  the  hydrated  acids,  then,  have  not 
any  analoi^  with  one  another,  and  onght  to  be  pkced  in 
two  perfectly  distinct  classes.  Nevertheless,  it  is  not 
without  reason  that  chemists  have  associated  them  to- 
gether. It  is  indeed  true  that  these  bodies  are  not  without 
SQiue  f  oEDmunity  of  properties ;  but  the  relations  which 
exiai  between  them  are  of  the  same  order  as  those  which 
eiist  between  the  sulphide  of  copper  and  its  sulphate, — 
between  sulphuric  acid  and  sulphur, — ^between  anJiydrous 
sulphuric  acid  and  sulphate  of  potash, — between  an  in- 
tegrant molecule  and  its  constituent  molecules,  but  nothing 
more. 

The  above  relations  have  nothing  in  common  with  the 
relations  we  observe  between  sulphur,  selenium,  and  tel- 
luriunu— between  the  sulphurous  and  the  selenious  acids, 
—between  the  sulphate  of  potash  and  that  of  sulphate  of 
soda.  The  bodies  of  the  former  class  are  associated  wiik 
one  another  by  the  presence  of  sulphur  in  each  of  them . 
The  bodies  of  the  second  class  are  correlated  by  a  simili- 
tude of  functions. 

Th<!  anhydrous  and  the  hydrated  sulphuric  acid  have 
thiB  iu  common,-— they  both  contain  sulpnur  and  o^gen ; 
but  with  regard  to  analogy  of  properties,  they  do  not 
man i feat  any  whatever. 

2ncl.  Up  to  the  present  ti|ne,  chemists  have  admitted 
that  the  oxidized  compounds  which  give  rise  to  salts  con- 
tain a  quantity  of  water,  which  corresponds  exactly  to 
their  capacity  of  saturation.  They  admit,  on  the  other 
hand,  that  oxamide,  carbamide,  benzamide,  &c.,  do  not 
contain  water. 

Latterly,  however,  we  have  succeeded  in  obtaining,  with 
fie  v^eral  amides,  a  considerable  number  of  salts.  We  should 
conclude^  from  the  composition  of  these  salts,  that  the 
amidea  do  contain  water,  which  water  represents  exactly 
their  capacity  of  saturation.  So  far  there  is  nothing  con- 
trary to  the  dualistic  theory,  only  we  perceive  that  we 
have  been  in  error  concerning  the  formul®  of  the  amides, 
and  ihut  these  compounds  do  contain  water,  and  that 
oximide  has  for  its  formula,-— 


THE   UNITABT   8T8TEX.  209 

(C,0,H.N.)H,0; 
and  carbamide—       (CH,NJH,0. 

Bat  we  can  also  combine  amides  with  acids,  without 
the  amides  experiencing  any  loss  of  water.  Thus,  aspara- 
gine  and  gljcocine,  on  the  one  hand,  exchange  an  atom  of 
water  for  an  atom  of  oxide,  and,  on  the  other  hand,  com- 
bine with  acids  without  losing  any  water  whatever. 
19^ow  we  know  that  all  the  hjrdrated  organic  bases,  or  the 
oxides  of  the  different  ammoniums  (oxides  of  tetrethylium, 
or  tetramethylium),  always  combme,  in  the  anhydrous 
state,  with  acids ;  consequently,  we  conclude  that  aspara- 
Kine,  glyoocine,  and  the  amides,  do  not  contain  water. 
But  if  oxy^enii^d  bodies,  such  as  the  amides,  although 
not  containing  water,  can  yet  give  rise  to  salts,  why  do 
we  suppose  that  water  is  necessarily  contained  in  the  sul- 
phuric, fonnic,  and  acetic  adds  P  Here  are  other  facts. 
Citric  acid  is  tribasic,  and  consequently  contains,  according 
to  the  dualistic  doctrine,  three  atoms  of  water.  By  cau* 
tiooB  heating,  it  can  be  made  to  lose  one  of  these  three 
'  atoms.  Wifl  it  haye  then  become  bibasicP  Not  at  all. 
We  put  it  into  contact  with  three  atoms  of  potash,  and 
although  it  only  contains  two  atoms  of  water  ready 
formeoC  yet  it  disengages  three  atoms  thereof  in  order  to 
take  up  the  three  atoms  of  potash. 

Isatmic  aeid  is  monobasic,  consequently  it  contains 
Gi«Hi,N3  0s,HsO.  We  can  cause  this  body  to  giye  up, 
not  only  the  atom  of  ready-formed  water,  but  also  another 
atom,  which  is  produced  at  the  expense  of  the  anhydrous 
acid.  There  remains,  then,  a  neutral  compound  isatine, 
C^HtfNsOa,  which  certainly  cannot  any  longer  contain 
water.  Neyertheless,  put  into  contact  with  oxide  of  potas- 
sium, it  seizes  upon  this  base,  and  abandons  yet  another 
atom  of  water.  1  will  not  say  that  all  these  reactions  are 
hnpossible,  but  simply  that  they  are  in  the  highest  degree 
improbable,  and  that  the  ovlj  means  we  haye  for  explaining 
all  these  reactions  consists  in  a  simple  admission  of  this 
fact,  namely,  that  sulphuric,  formic,  acetic,  citric,  and 
isatinic  acids,  isatine,  asparagine,  glycocine,  &c.,  are  capable 
of  exchanging  1,  2,  or  3  equiyalents  of  hydrogen  for  1,  2, 
or  3  equiyalents  of  potassium,  lead,  copper,  &c.,  without 
supposing  that  the  nydrogen  necessarily  existed  in  the 
state  of  water. 

p 
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368.  M.  G^rhardt,  in  the  work  to  which  we  hare  alre&dj 
alluded,  after  showing  that  sulphate  of  barjta  can  be  pro- 
duced, aa  Mr.  Griffin  nad  with  regard  to  sulphate  of  lead, 
from  anhydrous  sulphuric  acid  and  baryta ;  from  snlphu- 
rous  acid  and  peroxide  of  barium ;  from  sulphide  of  barium 
and  oxygen ;  as  well  as  from  ordinary  sulphuric  acid  and 
iNOTta;  concludes  thus : — The  only  thing  without  any  doubt 
is  the  proportional  weights  of  sulphur,  of  barium,  and  of 
oxygen  contained  in  the  sulphate  of  baryta,  in  whaterer 
way  it  may  have  been  produced.    In  effect,  we  haye— * 

SO, +  OBa,  =S04Ba, 
80,-|-0,Ba,  =S04Ba, 
SBa,-|-04       =804  Ba, 

369.  Moreover,  if  the  elements  of  sulphate  of  baryta  are 
found  in  presence  of  each  other  in  the  proportions  require, 
whether  in  one  form  or  another,  we  conceiye  that  thr 
most  powerful  combination  will  be  formed,  provided  thjit 
we  place  the  whole  of  these  elements  in  the  most  fay  or- 
able  circumstances. 

370.  One  and  the  same  body  can  be  produced  by  more 
than  one  metamorphosis ;  the  chemical  reactions  do  not 
indicate  the  molecular  disposition,  or  the  constitution  of 
the  bodies.  They  only  make  known  in  a  positive  manner 
the  simple  numerical  proportions  between  the  different 
elements. 

371.  Without  doubt,  the  difference  in  bodies  is  not  due 
alone  to  the  quality  or  quantity  of  the  constituent  elements ; 
we  have  already  said,  the  order  in  which  the  particular 
materials  are  disposed,  plays,  in  the  chemical  phenomena, 
a  part  not  less  important  than  that  performed  by  the 
nature  and  the  number  of  the  components.  But  the 
metamorphoses  never  teach  this  order  in  an  absolute 
manner.  When  we  compare  the  metamorphoses  of  two 
similar  compounds — for  example,  sulphate  of  baryta  and 
sulphate  of  mne,  they  conduct  only  to  a  relative  apprecia^ 
tion  of  the  molecular  order  j  they  suggest  only — 

If  sulphate  of  baryta  is        -     SOj  +  OBa, 
Sulphate  of  lime       -        -     SOa  +  OCa, 

Or  else  that — 

If  sulphate  of  baryta  is        -     S  O4  +  Bat 
Sulphate  of  lime      -        -     S04-|-Ca, 
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372.  The  knowledge  of  tlie  absolute  molecular  arrange- 
ment in  a  body  eyidently  supposes  that  all  the  metamor- 
phoees  that  can  take  place  have  been  discovered.  This 
has  not  yet  been  accomplished,  and  before  it  can  be 
realised,  the  science  must  be  considerably  extended. 
Moreover,  over  and  above  the  chemical  metamorphoses, 
it  is  necessary  also  to  study  the  physical  characters  of 
bodies,  and  note  the  relations  which  exist  between  their 
composition  and  their  crystalline  form.  We  possess  at 
present,  in  this  respect,  only  isolated  facts ;  useful  with- 
out doubt,  but  from  which  we  cannot  yet  draw  general 
consequences  in  favour  of  the  molecular  order  of  all 
bodies. 

373.  Williamson*s  reasons  for  considering  that  many 
bodies  are  formed  on  the  type  qf  water. — Since  the  time 
that  Gerhardt  proposed  his  unitary  system  of  chemistry, 
the  views  of  chemists  on  the  constitution  qf  bodies  have 
been,  in  some  degree,  altered  by  the  experiments  of  Dr. 
Williamson  on  the  mode  by  which  the  alcohols  are  trans- 
formed into  ethers.  Williamson  was  led  to  institute 
these  experiments  from  the  opinion  he  had  formed  that 
the  alcohols  and  ethers  were  formed  on  the  type  of  water; 
and  as  his  experiments  confirmed  this  view  of  the  consti- 
tution of  these  bodies,  he  considered  that  many  other 
bodies  besides  the  slcohols  and  ethers  were  formed  on  the 
water  type.  Before  we  describe  more  at  length  this  view 
of  the  constitution  of  bodies  according  to  types,  we  must 
place  before  the  student  the  different  views  which  have 
oeen,  and  are,  held  on  the  constitution  of  the  alcohols  and 
ethers,. and  tlie  different  theories  which  have  been  pro- 
posed to  account  for  the  transformation  of  alcohols  mto 
ethers. 

374.  The  different  views  held  on  the  constitution  of  the 
alcohols  and  ethers,  and  the  different  theories  of  etherifica- 
iion, — Gay  Lussac  first  threw  out  the  suggestion  that 
ether  and  alcohol  are  different  hydrates  of  olefiant  gas ; 
ether  being  the  monohydrate,  alcohol  the  bihydrate.  Ac- 
'M>rding  to  this  view,  which  was  adopted  by  Dumas  and 

k>lley,  the  compounds  of  the  oxygen  acids  and  ether  are 
ompounds  of  the  first  hydrate  with  oxygen  acids ;  and  the 
therial  bodies  formed  by  the  action  of  the  hydrogen 
ids  upon  ether  are  compounds  of  those  acids  with 
efiant  gas ;  ether,  alcohol,  acetic  ether,  and  hydrochloric 
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ether,  have  the  following  rational  conBtitution  aooording 
to  this  view : — 

Ether        -        -  -  C4H4,HO 

Alcohol     -        -  -  C4H4,2HO 

Acetic  ether       -  -  (C*  H^,  H  O)  +  C*  H,  O. 

Hydrochloric  ether  -  C4H4,HC1 

375.  Sir  Eobert  Kane  was  the  first  to  regard  ether  as 
the  protoxide  of  the  compound  radical  C«H»  (which 
he  called  ethereum).  Berzelius  and  Liebig  both  adopted 
Kane's  view  of  the  constitution  of  ether ;  and  Berzelios 
proposed  to  regard  alcohol  as  the  oxide  of  the  radical 
(Ca  Hs) ;  whilst  Liebig  regarded  alcohol  as  the  hydrate  of 
the  oxide  of  ethjrL 

376.  The  relationship  which  exists,  according  to  Liebig't 
view,  between  the  ethers  and  alcohols,  was  considered  to 
be  completely  proved  by  the  way  in  which  a  great  many 
of  the  ethers  can  be  produced  from  the  corresponding 
alcohols.  Manv  acids  and  salts,  such  as  sulphuric  acid, 
phosphoric  acid^  arsenious  acid,  fluoride  of  boron,  the 
chlorides  of  tin  and  zinc,  and  other  chlorides,  are  capable, 
at  certain  temperatures,  of  removing  water  from  some  of 
the  alcohols,  which  become  transformed,  by  this  removal, 
into  the  corresponding  ethers.  But  although  wator  is 
removed  from  the  alcohol  by  these  bodies,  and  the  aloohol 
becomes  converted  into  ether  by  the  removal  of  water,  it 
does  not  follow  that  the  water  exists  as  such  in  the 
alcohol,  as  sulphuric  acid,  and  these  other  bodies,  have 
the  power  of  removing  from  some  substances  containing 
hydrogen  and  oxygen  these  elements,  in  the  proportion 
to  form  water.  In  fact,  alcohol  cannot  be  oonverted 
into  ether  b^  adding  to  it  substances  like  chloride 
of  calcium,  which  possess  a  strong  affinity  for  water ;  nor 
can  ether  be  made  to  combine  directly  with  water ;  but| 
if  alcohol  and  ether  were  related  in  the  way  Liebig's 
theory  supposes,  we  should  expect  to  convert  alcohol  into 
ether  by  the  mere  removal  of  water,  and  that  ether 
ought  to  combine  directly  with  water  to  form  alcohol. 

377.  The  best  process  for  preparing  ether  from  alcohol 
is  as  follows : — 6  parts  of  alcohol,  of  at  least  90  per  cent., 
are  mixed  with  9  parts  of  sulphuric  acid,  and  the  mixtore 
is  introduced  into  a  retort  and  rapidly  heated  to  the 
boiling-point,  at  which  temperature  it  is  kept  duiini;  the 
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wKole  of  the  operation.  During  the  whole  of  the  distilla- 
tion,  fresh  alcohol  is  constantly  flowing  into  the  retort 
from  a  yessel  fitted  with  a  stop-cock,  to  which  is  at- 
tached a  bent  glass  tube ;  this  tube  passes  through  the 
tabnlure  into  the  retort,  and  is  fitted  into  the  tnbolure  bj 
means  of  a  perforated  cork.  The  alcohol  is  made  to  flow 
into  the  retort  as  fast  as  the  ether,  &c.,  distils  oyer ;  the 
liquid  in  the  retort  is,  therefore,  kept  at  the  original  level 
throughout  the  operation.  The  distillate  is  condensed  in 
a  powerful  Liebig's  refrigeratory ;  it  consists  chiefly  of 
ether,  with  water  in  such  proportions  as  would  concert 
the  ether  into  alcohol,  and  a  very  little  alcohol,  sometimes 
none  at  all.  The  operation  may  be  advantageously  con- 
tinued until  31  parts  of  alcohol  at  90  per  cent,  ha^e 
flowed  into  the  retort,  and,  of  course,  an  equal  quantity 
of  ether  and  water  has  distilled  over.  The  oil  of  vitriol 
remains  behind  in  the  retort,  in  combination  with  a  larger 
quantity  of  water  than  it  was  originally  combined  with, 
out  a  part  of  the  acid  is  united  with  the  elements  of 
the  alcohol,  forming  an  acid  (C4  H«  O,  2  S  O,  +  H  O)  called 
sulphovinic  acid. 

378.  Two  different  views  have  been  held  as  to  the  cause 
of  the  resolution  of  the  alcohol  into  water  and  ether,  and 
as  to  the  nature  of  the  transformation.  Liebig,  and  the 
majority  of  chemists,  believe  that  etherification  is  pro- 
duced by  means  -of  the  chemical  force,  and  that  the 
alcohol  is  first  transformed  into  sulphovinic  acid,  which  is 
decomposed  by  the  heat  into  ether,  sidphuric  acid,  and 
water;  and  that  as  soon  as  the  acid  is  set  free  by  the 
decomposition  of  the  sulphovinic  acid,  it  again  unites 
with  a  fresh  j>ortion  of  alcohol,  forming  sulphovinic  acid, 
which  is  a^ain  decomposed,  so  that  the  formation  and 
decomposition  of  the  sulphovinic  acid  goes  forward  con- 
tinuously ;  this  is  one  of  tne  views.  The  other  view,  which 
is  supported  by  Mitscherlich,  Berzelius,  Graham,  and 
others,  considers  that  etherification  is  effected  by  means 
of  the  catalytic  force,  and  that  the  sulphuric  acid  decom- 
poses the  alcohol  into  ether  and  water  immediately. 

379.  The  first,  or  Liebig's  view,  is  considered  to  be  sup- 
ported b;^  Hennell's  discovery,  "that  sulphuric  acid, 
diluted  with  so  much  water  that  it  will  not  form  sulpho- 
vinic acid  with  alcohol,  is  likewise  incapable  of  converting 
alcohol  into  ether  by  distillation,*'  but  this  appears  to  me 
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to  be  no  proof,  as  snlphuric  acid,  so  diluted  as  to  be 
incapable  of  forming  sulphoyinio  acid,  may  also,  on 
account  of  its  dilution,  be  incapable  of  remoying  tlie 
elements  of  water  from  the  alcohol,  and  thus  transforming 
it  into  ether.  As  long  as  the  alcohol  is  admitted,  the  ether 
is  formed ;  if,  then,  the  alcohol  is  first  converted  into  sul- 
phovinic  acid,  and  the  ether  is  formed  from  the  decompo' 
sition  of  this  acid,  the  formation  of  the  acid  must  precede 
the  formation  of  the  ether  throughout  the  entire  period  of 
the  process ;  the  difficultv  then  arises  of  explainmg  why 
the  sulphovinic  acid  is  formed  and  decomposed  at  the 
same  temperature.  Many  explanations  have  been  given, 
but  the  onl^  one  which  appears  to  me  at  all  entitled 
to  attention  is  this, — That  at  the  point  where  the  alcohol 
enters  the  liquid  in  the  retort  the  alcohol  is  in  excess,  and 
therefore,  by  the  influence  of  mass,  displaces  or  expels  the 
water  from  the  surrounding  hydrated  sulphuric  acid, 
by  combining  with  the  acid,  forming  with  it  sulphovinic 
acid,  which  is  decomposed  into  ether,  sulphuric  acid,  and 
water,  when  it  difiuses  through  the  liquid  in  the  retort, 
because  the  hvdrated  sulphuric  acid  is  in  excess.  Mits- 
cherlich  found  that  one-nfth  of  the  alcohol  which  enters 
passes  oOT  uncombined  with  the  ether  vapour ;  now  it  is 
perfectly  consistent  with  the  explanation  of  etherification 
just  given,  that  part  of  the  alcohol  should  remain  un- 
combined. 

380.  Mitscherlich's  contact,  or  catalytic  theory,  simply 
assumes  that  sulphuric  acid,  without  being  decomposeo, 
or  entering  into  combination,  has  at  a  high  temperature 
the  power  of  separating  alcohol  into  ether  and  water ;  he 
considers  that  the  siuphoyinic  acid  which  is  formed  is 
merely  a  secondary  product,  and  bv  no  means  essen- 
tial to  the  formation  of  the  ether.  This  view  has  been 
strengthened  by  some  elegant  experiments  of  Graham; 
he  aoded  in  a  gradual  manner,  so  as  to  prevent  any  con- 
siderable rise  of  temperature,  one  volume  of  oil  of  vitriol 
to  four  volumes  of  alcohol  of  a  density  of  '841 ;  the  mix- 
ture was  subsequently  sealed  up  in  a  glass  tube  of  one 
inch  in  diameter  and  6*6  inches  in  fength,  of  wluch 
the  liquid  occupied  6*2  inches,  a  space  of  1*4  inches  being 
left  vacant  to  provide  for  the  expansion  of  the  liquid  l^ 
heat.  The  tube  was  placed  in  a  digester  containing 
water,  and  exposed  to  a  temperature  ranging  from  28i^ 
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to  362^  E.,  for  one  hour.  The  liquid  divided  by  the  heat- 
ing into  two  columns ;  the  upper,  which  occupied  1]76 
inches  in  the  tube,  was  ether ;  the  lower,  which  occunied 
3*5  inches,  contained  some  ether,  but  was  principally  a 
mixture  of  alcohol,  water,  and  sulphuric  acid ;  it  contained 
no  sulphovinic  acid,  for  the  salt  which  was  formed  by 
neutralizing  the  acid-solution  with  a  carbonate  did  not 
blacken  when  heated. 

381.  "  The  principal  points  to  be  obserred  in  this  ex- 
periment  are,  its  entire  success  as  an  etherizing  process, 
without  distillation,  without  sensible  formation  of  sulpho- 
Tinic  acid,  and  with  a  large  proportion  of  alcohol  in 
eontact  with  the  acid,  namely,  two  equivalents  of  the 
former  nei^ly  to  one  of  the  latter.  When  the  proportion 
of  the  alcohol  was  diminished,  the  results  were  not  so 
favorable." 

382.  Graham  found  that  ciystals  of  bisulphate  of  soda, 
containing  a  slight  excess  of  acid,  etherized  about  twice 
their  volume  of  alcohol  when  heated  in  a  sealed  tube  to  a 
temperature  ranging  from  284**  to  352*  F. ;  the  lower  liquid, 
in  tnifl  case,  contained  a  minute  quantity  of  sulphovinic 
acid. 

383.  The  following  were  some  of  the  conclusions  which 
Graham  drew  from  his  experiments : — that  the  formation 
of  sulphovinic  acid  appears  not  to  be  a  necessary  step  in  the 
production  of  ether;  that  it  appears  ^e  conversion  of 
alcohol  into  sulphovinic  acid  diminishes  its  chance  of  after- 
wards being  transformed  into  ether;  for  when  Graham 
increased  the  proportion  of  oil  of  vitriol,  so  that  much 
sulphovinic  acid  would  be  formed,  the  formation  of  ether 
rapidly  diminished.  He  considers  that  the  action  of  sul- 
phuric acid  ^ipon  alcohol  is  similar  to  its  action  upon 
turpentine.  Oil  of  turpentine,  mixed  with  one-twentieth 
of  its  volume  of  sulphuric  acid,  undergoes  an  entire  change, 
being  chiefly  converted  into  a  mixture  of  two  other  hydro- 
carbons, terebine  and  colophine,  one  of  which  has  a  much 
l^her  boiling-point  and  greater  vapour-density  than  the 
oil  of  turpentine.  This  hydrocarbon  does  not  combine 
with  the  acid ;  it  has  the  same  per-centage  composition  as 
the  oil  of  turpentine,  but  it  has  a  higher  atomic  weight, 
and  £[reater  vapour-density ;  the  action  of  the  sulphuric 
add  18  therefore  what  may  be  termed  a  polymerizing 
action,  as  this  hydrocarbon  and  oil  of  turpentme  htejpoly- 
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meric  iubstances.  So  of  the  hydrocarbon  alcohol,  its 
density  is  doubled  in  ether,  by  the  same  polymerizing 
action.  The  snlphovinio  acid  which  is  formed  from  the 
mixture  of  snlphuric  acid  and  alcohol  (which  is  placed  in 
the  retort,  when  ether  is  made  by  the  continuous  process) - 
Grraham  considers  to  be  the  agent  which  polymerizes  all 
the  alcohol  afterwards  introduced  into  the  fluid.  Graham 
states,  in  his  paper  recording  these  experiments, "  that  thia 
riew  of  etherincation  is  only  to  be  considered  as  an 
expression  of  the  contact-theory  of  that  process  which  has 
long  been  so  ably  advocated  by  M.  Mitscherlich."* 

384.  We  have  now  to  explain  Dr.  Williamson's  views 
and  experiments.  We  have  seen  that  the  formula  of 
alcohol,  according  to  one  view,  is  C,  Hs  O,  and  that  two 
atoms  of  it  are  needed  to  form  one  of  ether ;  one  atom  of 
the  dcohol  taking  C,H|  from  the  other  atom,  water  bein^ 
set  free ;  whereas,  according  to  the  other  view,  the  proxi- 
mate constituents  of  alcohol  are  ether  and  water.  Now 
the  question  which  presented  itself  to  Williamson  was 
this — which  of  these  two  views  of  the  constitution  of  alcohol 
is  the  correct  one,  and  conld  any  direct  fact  be  discovered 
which  would  solve  the  problem  f  He  devised  the  following 
beautiful  experiments,  by  which  he  discovered  the  true 
constitution  of  the  ethers  and  tdcohols. 

1st  Experiment. — He  added  ethylate  of  potash  (C.  H,  O, 
"K  O)  and  iodide  of  ethyle,  €«  H^  I,  together ;  double  decom- 
position ensued,  ether  and  iodide  of  potassium  were  formed. 
The  question  arose,  which  of  the  two  following  decompo- 
sitions took  plase  between  the  ethylate  of  potash  and 
iodide  of  ethyle : — 

C4H,0,  KO  +  C4H,I  =  2C4H,0  +  KI;  or, 
aHgO,  K O -h  C4H,I  =  C,H„0,  +  KL 

Did  the  ethyle,  G4  H^,  from  the  iodide  of  ethyle,  unite 
with  one  of  the  atoms  of  oxygen  in  the  ethylate  of  potash  ? 
If  so,  it  would  prove  that  me  alcohols  were  ether  plus 
water.  Or  did  tne  ethyle  in  the  iodide  of  ethyle  become 
united  with  the  ethyle  and  the  two  atoms  of  oxygen  in  the 
ethylate  of  potash,  and  form  with  them  one  indivieible 
atom  P  In  that  case  the  empirical  formula  must  be  CsHmOm 

*  "  ObserTfttions  on  Etherifloatiao/'  bj  Thomas  Gnhan,  F.B.8.,  Qkot* 
isrlf  Journal  ^ike  Okmieal  8oeitty,  toI.  iii. 
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and  alcoliol  could  not  be  the  hydrate  of  ether.  By  this 
experiment  it  conld  not  be  decided  which  was  the  correct 
formula  for  ether. 

2nd  Experiment. — ^Williamson  next  added  ethylate  of 
potash  and  iodide  of  methyl  (C^  Hs  I)  together  in  equira- 
lent  proportions,  and  he  obtained,  not  yinic  ether  and 
methyl  ether,  thus, — 

C4H,o,K:o-f  c,h,i=C4H,o  +  c,HsO+k:i, 

as  would  haye  been  the  case  if  the  alcohols  were  ether 

§lu8  water ;  for  the  methyl  would  have  had,  in  that  case, 
lie  oxygen  of  the  water  to  itself;  but  he  obtained  a  new 
ether,  whose  empirical  formula  was  C«  Hg  O,,  The  mode  of 
its  formation  shows  that  the  ethyl  and  methyl  are  united 
in  equivalent  proportions,  and  its  rational  formula  is 
therefore  (C4H,,  C,  H.)  O,. 

386.  The  formation  of  ethers  from  alcohols  is  made 
kuown  by  these  experiments.  They  prove  that  the  alco- 
hols do  not  contain  either  the  ethers  or  water ;  that  the 
ethers  are  therefore  not  produced  from  the  alcohols  by  the 
separation  of  these  latter  bodies  into  the  ethers  and  water, 
but  that  the  ethers  are  produced  from  the  alcohols  by  the 
substitution  of  a  compound  radical  for  the  hydrogea  the 
alcohols  contain.  Williamson,  in  fact,  made  these  experi- 
ments with  the  view  of  obtaining  new  ethers  by  substi- 
tuting carburetted  hydrogen  for  hydrogen  in  a  known 
aloohoL 

386.  "Water  is  therefore  formed  in  etherification  by 
replacing  the  carburetted  hydrogen  of  alcohol  by  hydrogen, 
which,  of  course,  obliges  us  to  assume  the  same  unity  of 
oxy  een  in  both.  Alcohol  is  therefore  water  in  which  half 
the  nydrogen  is  replaced  by  carburetted  hydrogen,  and 
ether  is  water  in  which  both  atoms  of  hydrogen  are 
replaced  by  carburetted  hydrogen ;"  they  may  therefore 
be  formulated  thus— (C  =  12  and  O  =  16) :— 


Water. 

Aloohcd. 

Tlnioethw. 

UeUjl  ether. 

|o 

CH.O 

§&<> 

CH.O 

Ethylate. of  potash,  and  iodide  of  ether,  are  represented, 
acoordinff  to  this  view^  thus  (adopting  the  new  atomic 
numbers):— 
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Eth jlato  of  poUalu  Iodide  of  etlijL 

^«f»0  C,H.I 

387.  Williamson  thus  explains  the  process  of  eiherifica- 
tion : — The  next  thing  to  be  done  is  to  explain  the  process 

of  etherification  by  the  action  of  sulphuric  acid,  ^8  0« 

upon  alcohol ;  and  in  order  to  accomplish  that,  we  must 
show  the  connection  between  those  substances  and  the  re- 
agents used  in  the  above-described  experiments.  Witix 
tms  view,  we  have  merely  to  add  to  the  above  facts  &e 
acknowledged  analogy  of  me  simple  and  compound  radicab 
in  their  compounds.  It  must  first  be  shown  how  a  sub- 
stance analoKOUB  to  the  iodide  of  ethyl  is  formed,  and  then 
how,  by  double  decomposition  with  alcohol,  it  produces 
ether.  This  is  very  easy ;  for  sulphovinic  acid  is  strictly 
analogous  to  iodide  of  ethyl  plus  iodide  of  hydrogen,  which 
we  should  obtain  by  replacmg  S  0«  in  its  formula  by  an 
ec^uiyalent  of  iodine ;  and  in  order  to  represent  the  forma- 
tion of  this  sulphovinic  acid,  which  is  well  known  to  ]fre* 
cede  that  of  ether,  the  simplest  mode  is  at  the  same  tune 
the  one  most  free  from  hypothesis ;  it  consists  in  statine 
the  fact,  that  sulphuric  acid  and  alcohol  are  transformed 
into  sulphovinic  acid  and  water,  by  half  the  hydrogen  of 
the  former  changing  places  with  the  carburetted  hyi&ogen 
of  the  latter;  thus: — 

Now,  from  this  point  it  is  clear  that  the  process  is  the 
same  as  in  the  aecomposition  above  described;  for,  by 
this  sulphovinic  acid  coming  in  contact  with  an  atom  of 
alcohol,  it  reacts  exactly  in  the  same  manner  as  the  iodide 
did,  forming,  of  course,  sulphuric  acid  and  ether : — 

388.  The  sulphuric  acid,  thus  reproduced,  comes  again 
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in  contact  with  alcohol,  foiming  sulphovinio  acid,  which 
reacts  as  before ;  and  so  the  process  goes  on  continuously, 
as  found  in  practice. 

389.  According  to  Mitscherlich,  the  sulphorinic  acid 
plays  no  part,  directly  or  indirectly,  in  the  process  of 
etherification ;  it  is  merely  a  secondary  product.  Ac- 
cording to  Graham,  the  sulphovinic  acid  is  the  poly- 
merizing agent,  therefore  the  sidphovinic  acid,  which 
is  formed  at  the  commencement  of  the  operation,  as  it 
undergoes  no  decomposition  according  to  his  yiew,  will 
exist  tkt  the  end  of  tbe  operation;  whereas,  according  to 
Williamson,  the  sulphoyinic  acid  is  constantly  changing, 
being  decomposed  as  ra^idl^  as  it  is  formed ;  therefore, 
what  remains  at  the  termmation  of  the  process  will  not  be 
that  which  was  formed  at  the  commencement.  William- 
son proved  that  the  sulphoyinic  acid  existing  at  the  end  of 
a  long  process  of  etherification  was  not  the  same  as  that 
which  was  formed  at  the  first.  He  proved  this  point  by 
making  sulphuric  acid  react  successiyely  upon  two  alcohols, 
80  that  it  took  the  hydrocarbon  from  tne  first  and  gave  it 
up  to  the  second,  forming  an  intermediate  ether;  and 
finding  only  the  second  alcohol  to  react  upon,  remained 
at  last  combined  with  its  hydrocarbon  alone.  The  experi- 
ment was  performed  in  the  following  manner: — sulph- 

amylic  acid,     *^"S04,  was  prepared  by  the  action  of 

sulphuric  acid  upon  its  equivalent  weight  of  fusel  oil,  and 
this  compound  was  treated  with  vinic  alcohol  by  the  con- 
tinuous process  until  the  distillate  consisted  of  pure  vinic 

Cm 
ether,  q^'O,    The  residue  was  then  examined,  and 

found  to  contain  910  sulphamylic  acid,  but  only  sulphovinic, 
the  mixed  ether,  amyl  ethyl,  q  ^  ^'  which  was  formed, 
beingr  easily  separated  out  from  the  first  portions  of  the 
volatile  product. 

390.  By  oxidation,  the  alcohols  are  converted  into  acids. 
The  acid  produced  by  the  oxidation  of  vinic  alcohol  is  the 
one  best  xnown  to  the  non-scientific.  It  is  called  acetic 
acid.  Vinegar  is  acetic  acid,  more  or  less  impure  or 
diluted.  According  to  the  old  view  of  the  proximate 
constitution  of  bodies,  and  retaining  the  old  atomic  num- 
bers of  carbon  and  oxygen,  the  formula  of  acetic  acid  is 
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C4  Ha  Os,  H  O.  Aooording  to  thia  view,  the  ordinaiT  acid 
is  the  hydrate  of  an  anhydrous  acid,  C4  H,  Ot,  which  had 
not  been  obtained  when  Williamson  published  his  Tiews 
and  experiments  on  the  alcohols  and  ethers,  and  which  we 
have  just  explained.  Adopting  the  old  yiew  of  alcohol 
and  acetic  acid,  the  former  is  converted  into  the  latter  by 
the  substitution  of  two  atoms  of  oxygen  for  two  atoms  <» 
hydrogen,  thus : — 

C«H,O,HO  +  4O  =  C4H,O„H0  +  2HO. 

391.  Williamson,  in  his  paper  on  etherification,  put 
forward  the  following  view  on  the  constitution  of  acetic 
acid,  which  was  afterwards  confirmed,  as  we  shall  see 
presently,  by  the  beautiful  experiments  of  Gerhardt. 
*'  Now,  as  acetic  acid  is  formed  from  alcohol,  by  replaeinc 
one-third  of  its  hydrogen  by  oxygen,  and  viewing  alcoh(3 
as  water  in  which  half  the  hydrogen  is  replaced  by  elhyle, 

H  ^'  ^^  ^^^^  consider  acetic  acid  as  containing  one 
equivalent  of  oxygen  in  the  place  of  two  atoms  of  hy- 
drogen. Acetic  acid,  therefore,  differs  from  alcohol  by 
containing,  instead  of  ethyle,  this  other  radical,  differing 
from  it  by  having  oxygen  in  Ueu  of  an  equivalent  m 
hydrogen,  and  which  may  be  called  orygen-ethyle  or 
othyle.  If  the  two  atoms  of  hydrogen  in  wetter  W€r9 
replaced  by  this  othjfle,  we  should  have  anhydrous  aeeUe 

acid,  Q  -a  Q  O.    In  fact,  the  so-called  anhydrous  acids 

are  nothing  else  than  the  ethers  of  the  hydrated  acids" 

392.  We  are  unable  to  place  before  the  student  any 
part  of  Williamson's  paper  on  the  constitution  of  salts; 
we  must  therefore  refer  him  to  the  paper  itself.  We 
will  simply  quote  the  last  paragraph  in  his  paper  on 
etherification.  The  method  here  employed  of  stating  the 
rational  constitution  of  bodies  by  comparison  with  water, 
seems  to  me  to  be  susceptible  of  great  extension ;  and  I 
have  no  hesitation  in  saying  that  its  introduction  will  be 
of  service  in  simplifying  our  ideas,  by  establishing  a 
uniform  standard  of  comparison  by  which  bodies  may  be 
judged  of.* 

*  We  strongly  recommeiid  the  etndent  to  perote  the  following  importaflt 

Smpen  hj  Williun»on :— "  8ngg«6tioni  for  the  Djnunioa  of  Cbonntiy, 
envtd  from  the  Tbeorr  of  EtherifloaUon."— CA^wicoZ  Gastiit^  vol.  iz. 
"On  the  Gonstittttion  of  8iato."->CftMiMai  QokHU^  toI.  iz.    " Theory  cf 
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393.  Cahonn  disooTered  the  chloridee  of  the  ozygenised 
radicals  of  the  organic  acids.  He  obtained  them  by  the 
action  of  pentaohloride  of  phosphorus  upon  the  so-called 
hydrated  acids.  The  following  changes  ensue  when  the 
pnoephorus  compound  acts  upon  acetic  acid,  and  a  similar 
decomposition  takes  place  when  it  acts  upon  the  other 
acids. 

2^«g»^O  +  PCl.  =  2^»^*g[+P0,a  +  2HCl. 

Before  showing  how  Gerhardt  applied  this  discovery  in 
ibe  production  of  the  acid  anhydnaes,  we  will  just  show 
the  student  another  and  readier  war  of  obtainmg  these 
chlorides,  which  was  discovered  hy  uerhardt  himself.  If 
we  distil  acetate  of  sodium  with  oxy chloride  of  phosr 
phorus,  the  following  changes  ensue  :~- 

3  ^•\^0  +  P0CI.  =  3  ^•^•ci+  N^- 

394.  Gerhardt,  by  acting  upon  fused  acetate  of  potas- 
sium with  the  chloride  of  othyl,  obtained  the  acetic 
anhydride,  thus :  ^ 

This  method  is  of  general  applicability  for  the  isolation  of 
the  acid  anhydrides.  Gerhardt  also  obtained  mixed  anhy- 
drides, corresponding  to  the  mixed  ethers  obtained  by 
Williamson.  He  obtained  benzoic  acetate  by  acting  unon 
bensoat^  of  sodium  with  chloride  of  othyl  (the  otlier 
mixed  anhydrides  were  obtained  in  a  similar  way),  thus : — 

Na  "  +  CI  —  C5t  H.  O  "  +  ^*  ^^• 

When  this  hody  is  subjected  to  distillation,  it  decomposes 


Btberificfttum"  (pan*  106) ;  ««On  Btberiilcatioa'*  (pafre  228).— In  the  Qmt- 
UHf  Journal  qf  tk9  Chemical  Soeietjf,  toL  it.  In  theM  memoirs,  WiUiamaon 
flBuuoTS  the  fonr-Tohune  lyitom  or  Gerhardt  (See  par.  279). 

T.  8.  Hani,  in  a  paper  on  the  '*  Theory  of  Tjpea  m  Chemiatrj,**  whieh  the 
■todent  mmy  eooaolt  arith  advantage  {American  Journal  of  Science,  toI. 
zzzL),  daima  for  Lanrent  the  idea  that  aloohol  ma?  be  looked  npon  as 
vater  in  whieh  ethjl  replaoes  one  atom ;  and  that  ether  is  water  in  which 
the  two  atoma  of  hjdrogen  haTe  been  repkoed  by  two  atoms  of  ethyl.  Mr. 
Hub*  daima  for  himself  the  extension  of  this  idea  of  types,  the  credit  of 
wUoh  is  aniTcnaUy  assigned  to  Williamson  and  Gerhardt.  (See  the  note  at 
the  end  of  this  da*pter.) 
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at  about  150®  C.  into  acetic  anhydride,  which  distils  over, 
and  benzoic  anhydride,  which  remains  behind  in  t^e 
retort,  thus : — 

C,H.O^"^  C,H.O^  — CH.O^  +  CTH.O'^- 
We  may  just  mention  that  it  was  in  thb  way,  t.  e.,  by  the 
d<.'f  imposition  of  the  benzoic  acetate,  that  Gerhardt  first 
prepared  the  acetic  anhydride.* 

d!^^5.  Alcohols  and  the  so-called  hydrated  acids,  ethers, 
ajid  acid  anhydrides,  are  bodies  of  tne  same  kind.  Philo- 
sophically, alcohols,  acids,  salts,  ethers,  and  acid  anhy- 
drides, may  be  reduced  to  the  same  generic  formula,— 
to  the  formula  of  water,  in  which  one  or  two  atoms  of 
hydrogen  are  replaced,  either  by  simple  metals,  or  by 
hydrocarburettedf  groups  (methyl,  ethyl,  phenyl,  Ac),  or 
else  by  oxygenated  groups  (othyl,  benzoyl,  cuminyl,  &c.) 
The  relation  may  be  carried  still  further.  We  have  ethyU 
methyl,  &c.,  and.  their  hydrides,  which  may  be  referred  to 
the  formula  of  hydrogen,  thus : — 

Mol^md  e  of  Hydrogen.    Molecule  of  ethyl.      Moleonle  of  hydride  of  e&yl. 

Eren  if  we  reject  that  view  of  the  constitution  of 
aldehyde  which  would  make  it  the  hydride  of  othyl, 
we  have  the  chloride  of  othyl,  which  is  to  othyl  what 
hyiiride  of  ethyl  is  to  ethyl,  with  the  exception  of 
likving  chlorine  in  the  place  of  hydrogen;  and  Ger- 
hard! obtained,  in  distillmg  benzoic  salicylate,  benzoyl, 

Bz.  Bz  =  Q  2*  O '  *^**'  ^  ^  ®*^'  it  is  to  hydrogen,  H  H, 
-wh:it  hydrated  benzoic  acid  and  benzoic  anhydride  are  to 
water.  We  shall  contrast  certain  organic  compounds 
beloQging  to  the  type  water,  and  certain  others  belonging 
to  the  type  hydrogen.  The  student  will  at  once  see  the 
analogy  which  exists  between  them. 

S I  free  hydrogen.  H  f  ^'  water. 

*  We  recommend  the  student  to  oonralt  two  papers  by  the  late  lamented 
M.  C.  Oerhardt,  in  vol.  v.  of  the  Chemical  Society  »  JounuU,  on  the  *'  Con- 
eLitut^Qii  of  Organic  Acids." 
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^*  ^  ^  hydride  of  ethyl.        ^*  ^  [  O,  alcohol. 

^'  ^*H  I  aldehyde.  ^»  ^'^  |  O,  acetic  acid. 

C,  H,  O  i  acetyl,  still  to  be  C,  H,  O  (  ^^  acetic     anhy- 

C,H,0}       diflcovered.  C,H,Oi  ^'      dride. 

C«  H,  O  t  .^^.^^^  C*  H,  O  t  ^  acetate  of 
(.•^.f^^etone.  CH,f^'      methyl. 

396.  I%e  different  tneios  which  have  been  and  are  held 
on  ike  constitution  of  ammonia. — We  most  now  make  the 
student  acquainted  with  the  viewg  which  have  been  and 
are  held  on  the  oonstitution  of  ammonia  and  its  deri- 
yatdTes.  The  first  we  shall  notice  is  that  proposed  by 
Sir  Sobert  Kane,  which  regarded  NH,  (amidogen)  as 
the  radical  of  ammonia.  The  author  of  the  amidogen 
iheorj  thus  describes  his  views  in  his  "  Elements  of 
Chemistry :" — "  The  real  nature  of  ammonia  has  recently- 
been  the  subject  of  much  inquiry.  Its  equivalent  is 
satisfactorily  determined  to  be  17,  and  hence  its  formula 
IB  N  H„  and  its  equivalent  volume  4.  It  may  enter  into 
combination  directly  with  dry  oxyj^en  acids,  but  it  does 
not  then  form  the  proper  ammoniacal  salts,  which  all 
contain  an  atom  of  water  essential  to  their  constitution. 
It  combines  with  a  great  number  of  saline  bodies,  sad 
then  resembles  in  its  functions  their  water  of  crystal- 
lization. Its  most  remarkable  property,  however,  is,  that 
in  acting  on  metallic  compouncw,  and  on  certain  organic 
acids,  it  abandons  an  atom  of  hydrogen,  and  the  remaining 
NHa  combines  with  the  metal,  or  with  the  radical  of 
the  add.  Thus,  with  HgCl,  and  NH.,  there  results 
HgNH,  and  HCl;  with  Tt CI,,  and  2NH„  there  are 
formed  Ft  +  N  H,  and  2  H  CI.  Of  organic  bodies,  oxalate 
of  ammonia  gives,  when  heated,  C,  O,  +  N  H, ;  and  ben- 
soate  of  ammonia  produces,  similarly,  Cu  H^  O,  +  N  H,. 
It  is  hence  evident  that  the  third  atom  of  hydrogen  is  not 
so  intimately  combined  with  the  nitrogen  as  the  remaining 
twa  It  may  be  eliminated  by  the  simplest  reactions; 
but  the  N  and  H,  remain  much  more  firmly  united,  and 
separate  only  when  the  oonstitution  of  the  ammonia  is 
totally  broken  up.  I  hence  concluded  that  the  NH, 
should  be  considered  as  the  radical  of  ammonia,  and 
proposed  to  term  it  amidogene,  and  its  symbol  Ad.  The 
ammonia  is  then  amidide  of  hj^drogen,  and  its  rational 
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formula,  ^  F,,  H,  or  Ad,  H.  Ammonia  is  thus  assimi- 
lated to  iraterp  and  to  cMoride  of  hydrogen,  in  consti- 
tution ;  the  radical  amidogene  having  the  closest  analogy 
to  orygen  and  chlorine.  These  conclusions  have  been 
almost  unaniraonsly  adopted  by  chemists. 

397-  " Iheae  views  are  remarkably  illustrated  by  the 
actio Q  of  ammonia  on  potassium.  When  this  metal  is 
heated  in  tbo  dry  gas,  hydrogen  is  disengaged,  and  a 
fiuiibie  olwe^green  substance  is  obtained.  The  quantity 
of  hydrogen  evolved  is  the  same  as  that  which  the  met&l 
should  evolve  from  water,  that  is,  one  atom ;  and  the  olive 
body  couBiBts  of  £,NHs.  It  is  amidide  of  potassium. 
When  put  into  water,  potash  and  ammonia  are  produced, 
£,  Ad  and  n  O  giving  X  O,  and  H,  Ad.  When  Uiis  olive 
iubfltan  ce  ia  heated  nearly  to  redness,  ammonia  is  expelled, 
and  nitruret  qf  potassium  remains,  3  (£,  N  H,),  givini^ 
2  N  Hj  and  X|  N.  The  phenomena  are  exactly  the  same 
with  eodium ;  an  amidide  and  a  nitruret  of  sodium  being 
thuR  formed.*'    Amidogen  has  never  been  isolated. 

393.  As  ammoniacal  salts  strongly  resemble  in  their 
character  ike  salts  of  potassium  and  sodium,  and  as  the 
ammoniacal  eompouna  which  replaces  potash  or  soda  is 
not  N  Ha,  but  N  Ht  +  H  O,  Ber^us  considered  that  the 
ainmotiia<;&l  compound  which  exists  in  the  haloid  salts  of 
ammonia,  ie  a  hypothetical  substance  ammonium,  N  H^ 
whieli  is  capable  of  playing  the  part  of  a  metal,  and  which 
is  iiomorplioiis,  as  we  have  already  seen,  with  potassium 
and  sodium.  Berzelius  also  considers  it  is  the  oxide  of 
this  hypothetical  body,  ammonium,  which  exists  in  the 
ory^en  shUb  of  ammonia;  and  it  is  also  formed,  he  sup- 
poses,  wheii  ike  gas,  N  Ht,  is  dissolved  in  water,  the  N  H« 
uniting  with  one  atom  of  H O,  forming  N  E[a  O. 

399.  The  theory  of  ammonium  is  supposed  to  derire 
considerable  support  from  the  following  experiments: — 
**  When  a  j^lobole  of  mercury  is  placed  on  a  piece  of 
moiitened  caustic  potash,  and  connected  with  the  negative 
side  of  a  Toltaio  imttery  of  very  moderate  power,  while 
the  circuit  is  completed  through  the  platinum  plate  upon 
which  the  alkali  rests,  decomposition  of  the  latter 
takes  placo^  and  an  amalgam  of  potassium  is  rapidly 
formed, 

4(X).  "If  tins  experiment  be  now  reneated  with  a pieee 
of  cMorido  of  ammonium,  instead  of  hydrate  of  potash 
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a  Boft,  solid,  metalline  mass  is  also  produced,  which  has 
been  called  the  ammoniacal  amalgam,  and  considered  to 
contain  ammoninm  in  combination  with  mercury.  A  still 
simpler  method  of  preparing  this  extraordinary  compound 
is  the  foUowing : — ^A  little  mercury  is  put  into  a  test-tube, 
with  a  grain  or  two  of  ^tassium  or  sodium,  and  a  gentle 
heat  applied ;  combination  ensues,  attended  by  heat  and 
ligbt.  When  cold,  the  fluid  amalgam  is  put  into  a  capsule, 
and  covered  with  a  strong  solution  of  chloride  of  ammo- 
nium. The  production  of  an  ammoniacal  amalgam 
instantly  commences ;  the  mercury  increases  prodigiously 
in  volume,  and  becomes  quite  pasty.  The  increase  of 
weight  is,  however,  quite  trifling ;  it  varies  from  j^  to 
now  part. 

401.  "Left  to  itself,  the  amalgam  quicklv  decomposes 
into  fluid  mercury,  ammonia,  and  hydrogen. ' 

402.  It  is  difficult  to  ofler  any  opinion  concerning  the 
reid  nature  of  this  compound.  Sometkins  analogous  occurs 
when  pure  silver  is  exposed  to  a  very  nigh  temperature, 
much  above  its  melting  point,  in  contact  with  air,  or 
oxygen  gas.  The  latter  is  absorbed  in  very  large  quantity, 
amounting,  according  to  the  observation  of  Gay  Lussac, 
to  twenty  times  the  volume  of  the  silver,  and  is  again 
disengaged  on  lessening  the  heat.  The  metal  loses  none 
of  its  lustre,  and  is  not  sensibly  altered  in  other  respects. 

403.  "  The  great  argument  in  favour  of  the  existence  of 
ammonium  is  fotind^  cm  the  perfect  comparison  which 
the  ammoniacal  salts  bear  with  those  of  the  alkaline 
metals.'' 

404.  We  must  not  neglect  to  point  out  to  the  student 
that  the  anhydrides  of  some  of  the  dibasic  acids  and  N  H, 
can  unite  together.  If  the  anhydride  is  in  excess,  an 
amidated  acid  is  formed;  but  if  the  ammoniimi  is  in 
excess,  compounds  are  formed  which  are  considered  to  be 
the  ammonium  salts  of  these  acids.  Both  these  classes 
are,  according  to  the  new  views,  constructed  on  the  water 
type.  We  give  the  formula,  both  on  the  old  and  new  view, 
employing,  m  the  former  case,  the  old  atomic  weights  of 
sulphur  and  oxygen ;  in  the  latter,  the  new : — 

Old  Tiew.  New  view. 

Sulphamic acid       -       -2NH„S0,    NHa(SO,)'?^ 
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Old  Tiew.  New  ricw. 

Sulphamate  of  ammonifim   J^  H„  S  O,     NH,  (S  O J' )  ^ 

Thionamic  acid      -        -  2  NH„  S  O,     1^  H,  (S  O)'  f  ^ 

H      S^ 
Tbionamate  of  ammonium  N  H„  SO,     N  H,  (S  O)'  ?  ^ 

NH,     i^ 
Carbamic  acid       -        -  2  N H„  CO,    N H,  (C O)'}  q 

Carbamate  of  ammonium    J^  H„  CO,     N  H,  (C  O)'  i  ^ 

NH,     $^ 

These  amidogen  acids  differ  from  their  acid  salts  of 
ammonium  by  one  atom  of  water ;  they  can  be  formed  by 
tha  action  of  heat  on  these  ammoniacal  salts,  an  atom  oC 
water  being  eliminated.    Thus : — 

Acid  oxalate  of  ammoniam.  Oxamio  acid. 

H(NHJ  f  ^*        HJ^  -  H     i^ 

405.  It  will  be  less  perplexing  to  the  student  if  we 
explain  subsequently  the  meaning  of  the  terms  amide 
(although  the  term  amide  has,  to  a  certain  extent,  been 
already  explained),  nitride,  and  imide, 

406.  The  nitrogen  compounds  of  the  metals  which  Sir 
Kobert  Elane  yiewed  as  containing  a  radical  amidogen, 
united  with  a  metal,  M.  Laurent  views  as  ammonias  in 
which  one  or  more  of  the  equivalents  of  hydrofi[en  are 
replaced  by  a  corresponding  number  of  the  equiyfldents  oi 
the  metal.  This  view  of  Laurent's,  we  shall  see  hereafter, 
Iiai  been  singularly  confirmed.  Li  order  that  the  student 
juaj  distinctly  understand  the  constitution  of  bodies, 
according  to  both  theories,  we  append  a  few  examples, 
formulated  according  to  both  views : — 

TLun.  Li.vBXMT. 

CUoroamidida  of  mercory.  Chloride  of  dimercariammoDxnm. 

HgCl,HgAd  Hg,H,NCl. 

f^nbohloride  and  subamide  of 
mercury. 

HK,CH-Hg,Ad 
PtO„Ad,B[, 


HgH,NCl  +  Hg,a 
PtH,NO,  HO.* 


*  We  shall  see,  preeentlj,  that  there  are  two  classes  of  ammoniaosl 
tu^lun.    One  class  is  called  amimM,  the  other  amidn.    From  their  totally 
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407.  The  general  term,  metalamine,  u  given  to  those 
oompotinds  which  are  on  the  oxide  of  ammonium  type, 
and  which  are  basic  in  their  character ;  whilst  the  bodies 
which  are  on  the  type  of  N  Hs»  and  which  are  neutral  in 
their  character,  are  termed  metalamides, 

406.  Our  outline  of  the  different  yiews  which  have  been 
and  are  held  on  the  constitution  of  the  ammoniacal  bodies, 
would  be  incomplete,  if  we  did  not  notice  the  different 
-views  which  have  prevailed  as  regards  the  constitution  of 
the  alkaloids,  or  organic  alkalies^  or  organic  hoses,  as  they 
are  indifferently  called.  They  all  contain  nitrogen ;  they 
poeaess,  for  the  most  part,  decided  basic  properties.  When 
disBolved,  they  act  on  vegetable  colours  like  the  inorganic 
alkalies ;  they  combine,  like  ammonia,  with  the  hydrogen 
acids,  and  with  the  hydrated  oxygen  acids,  forming  s^ts, 
which  are  generally  crystallizable.  Their  chlorides,  like 
chloride  of  ammonium,  form  double  salts  with  bichloride 
of  platinum,  terchloride  of  gold,  and  with  chloride  of 
mercury.  Most  of  them,  at  the  ordinary  temperature, 
are  expelled  from  their  salts  by  ammonia,  but  many  of 
them,  at  the  temperature  of  boiling  water,  expel  ammonia 
from  its  salts,  on  account  of  the  greater  volatility  of  am- 
monia. Some  of  them  contain  oxygen  as  a  constituent ; 
others  of  them  do  not.  The  basic  properties  of  those  that 
do  contain  oxygen  cannot  be  owing  to  the  presence  of 
that  element,  as  no  variation  in  its  amount  affects  their 
neutralizing  power.  They  evidently  derive  their  dis- 
tinctive features,  as  a  class,  from  the  nitrogen  they  contain, 
and  the  form  in  which  the  other  constituents  are  asso- 
ciated with  it.  There  is  a  very  strong  similarity  between 
th^ie  bodies  and  ammonia ;  there  is,  therefore,  evidently 
a  relation  between  them.  Different  views  have  been 
taken  of  the  nature  of  this  relation.  Berzelius  considered 
that  they  contained  ammonia  ready  formed,  and  it  was 
this  body  which  conferred  upon  them  their  basic  character, 
and  to  the  ammonia  was  joined  in  their  constitution 
different  neutral  principles,  which,  for  the  most  part,  were 
not  susceptible  of  isolation.  According  to  this  view,  the 
formulsB  of  quinine  and  morphine  would  be, — 


difliaorent  behftnonr  with  the  alkaliet  (416),  it  would  ftppeur  ihftt  ihe  amines 
are  ooDstifcated  in  the  war  Laurent  snggeato ;  whilst  toe  amides  are  probably 
eonatitated  ia  the  way  Sir  Bobert  Kane  suggests. 
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Quinine  -        -  C»  H,.  N,  O,  =  C»  H„  N  0„  N  F, 
Morphine        -  C„  H„  N  O,  =  C„  H„  O,,     N  H, 

This  view  deriveg  eome  support  from  the  fact  that  am- 
monia can  unite  with  a  limited  class  of  neutral  substances, 
such  as  oil  of  mustard,  and  oil  of  bitter  almonds  ;  and  that 
the  compounds  produced  by  this  union  are  basic  bodies, 
which  resemble,  m  properties  and  composition,  seyeral  of 
the  organic  bases  produced.  The  recent  researches  of 
Hofmann  and  others,  on  the  organic  bases,  prove  that 
the  majority  of  these  bodies  are  not  constituted  in  the 
way  Berzelius  supposed ;  and  even  those  that  appear  at 
present  to  be  so  constituted,  will,  very  probably,  be 
found  hereafter  to  be  constituted  on  the  general  rather 
than  on  a  particular  type.  The  student  must  also  bear 
in  mind  what  has  been  stated  on  the  proximate  con- 
stitution of  bodies,  and  he  will  see  that  though  am- 
monia and  a  neutral  principle  may  produce  a  basic  body 
by  uniting  together,  it  does  not  follow  that  these  snb- 
stances  exut  in  the  substance  which  has  been  formed  by 
their  union. 

409.  As  no  ammonia  could  be  detected  in  these  bodies, 
Liebig,  several  years  ago,  suggested  a  different  view  of 
their  constitution.  He  considered  that  they  might  be 
derivatives  of  ammonia  (N  H,),  in  which  an  eauiviaeixt  of 
hydrogen  has  been  displaced  by  an  equivalent  of  an 
organic  group ;  heevenjpredicted,  that  if  it  should  be  found 
possible  to  displace  this  equivalent  of  hydrogen  by  ethyl, 
or  by  some  electro-positive  hydrocarbon,  a  powernil  vola- 
tile base  would  probably  be  obtained.  We  will  formulate 
the  organic  base,  aniline,  according  to  the  views  both  of 
Berzelius  and  Liebig,  in  order  that  the  student  may 
clearly  perceive  the  difference  between  the  two  theories  : — 


BeneHoB.  Liebig. 

C$  1x4,  ^  H(  C5  Hs 


H.1 
H  VN 


410.  Subsequently,  Wurtz  realized  Liebig's  prediction ; 
he  obtained  tnree  org^anic  alkalies,  all  volatile,  like  am- 
monia, and  all  possessing  a  strong,  pungent,  ammoniacal 
smell ;  they  are  constitute  in  the  following  way, — iher  are 
ammonias,  in  which  one  atom  of  the  hydrogen  has  been 
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displaced  in  one  by  xnei^yl  (C  H|),  in  the  second  by  ethyl 
(Ct  H«),  and  in  the  third  by  amyl  (Os  Hu).  Wurtz  obtained 
them  by  the  action  of  potash  on  cyanate  of  methyl,  cy anate 
o£  ethyl,  and  cyanate  of  amyl.  We  will  now  exhibit  these 
reactions,  and  also  the  action  of  potash  on  cyanic  acid, 
as  the  latter  reaction  will  prove  to  the  stndent  that  the 
alkaline  bodies  produced  by  Wurts  must  be  constructed 
on  the  same  type  as  ammonia. 

•J"*---  'SIS.' 

411.  Wnrtz  also  obtained  them  from  the  cyanuric  ethers, 
and  from  the  ureas. 

412.  We  have  seen  that  Liebi^  considered  that  the 
organic  alkalies  might  be  ammonia  in  which  one  of  the 
three  atoms  of  hydrog^  had  been  replaced  by  an  electro* 
positive  hydro-carbon  like  ethyl;  that  Wurtz  realized 
this  idea  by  obtaining  three  organic  alkalies,  in  which  one 
of  the  hydrogen  atoms  of  ammonia  was  actually  replaced 
by  an  efectro-positive  body ;  but  it  was  reserved  for  Hof* 
numn  to  conceive  the  beautiful,  and  what  he  has  also 
proved  by  his  elaborate  researches  to  be  a  truthful,  idea 
— ^that  not  only  one  but  even  two  or  three  atoms  <rf 
hydrogen  might  be  replaced  by  organic  bodies ;  that  two 
equivfdents  of  the  hydrogen  mi^t  be  replaced  by  two 
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equiTBLents  of  one  moncUonUc  radical,  or  by  two  different 
monatomic  radicals ;  all  the  three  eqaivalents  of  hydrogen 
might  be  replaced  by  three  equiyalente  of  the  same  mon* 
atomie  radical,  or  two  equiyaleDts  by  one,  and  one  eauiTa- 
lent  by  another ;  or  by  three  different  monatomic  raoicala. 
But  ho  has  also  proved  that,  under  the  influence  of  agents 
apt  to  replace  more  or  less  hydrogen,  two,  three,  foor, 
and  probably  even  five,  atoms  of  ammonia  are  capable  of 
coalescing  into  atoms  of  a  higher  order,  in  which  two, 
three,  twelve,  or  perhaps  even  fifteen  of  the  hydrogen 
atoma  cian  be  replaced  in  equivalent  proportions  by  other 
bodies.  But  he  has  even  gone  fiirther,  for  he  has  formed 
bodies  corresponding  to  the  nitrogen  ammonias,  but 
having,  in  the  place  of  the  nitrogen,  phosphorus,  arsenic, 
or  antimony.  JDr.  Hofmann  has  even  gone  further  still; 
he  has  shown  that,  under  special  circumstances,  ammonia 
has  the  newer  of  associating  with  its  phosphuretted, 
araenettea,  and  antimonetted  analo^es,  so  as  to  form 
moiet^ules  of  a  higher  order,  contaming  simultaneously 
nitrogen  and  phosphorus,  nitrogen  and  arsenic,  nitrogen 
and  antimony,  perhaps  even  three  or  four  of  these 
elements. 

413.  "The  derivatives  of  ammonia  may  be  at  once  sub- 
diridcd  into  two  lar^e  groups,  namely, — 

"  A.  Bodies  in  which  the  chemical  character  of  ammonia 
is  preserved ;  and, — 

"  B .  Bodies  in  which  the  chemical  character  of  ammonia 
has  become  extinct. 

41  i,  "The  group  A  embraces  that  large  number  of 
coni  pounds  known  as  organic  bases,  many  of  which  are 
ekbo rated  in  animals  and  plants  (animal  and  vegetal 
alkalaids),  whilst  the  greater  number  are  produced  in 
the  laboratory  (artificial  bases).  This  group  is  often 
designated  by  the  general  term  amines,  which  may  again 
be  subdividea  into  monamines,  diamines,  triamines,  tetra- 
nunee,  &c.,  according  as  they  are  derived  from  one,  two, 
three,  or  four  atoms  of  ammonia.  The  second  group,  B, 
consifitB  of  neutral  bodies,  mostly  produced  by  artificial 
proceiacs,  comparatively  few  terms  of  this  group  having 
been  met  with  in  the  animal  or  vegetal  organism.  They 
are  distinguished  by  the  general  designation  amides,  and 
may  be  smiilarly  subdivided  into  monamides,  diamides, 
triamides,  tetramides,  Ac. 
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A.  AHiirBfl. 

a.  Monamines, 

b.  Diamines, 

c.  Triamines, 

d.  Tetrcimines. 


B.  Amides. 

a.  Monatnides. 

b,  Diamides. 

c,  Triamides, 

d.  Tetramides. 


415.  "  The  most  dLaracteristic  mark  of  distinction 
between  the  amines  and  amides  is  furnished  in  the 
deportment  of  the  two  classes  xmder  the  influence  of 
decomposing  aeents.  Hitherto  very  few  processes  are 
known  in  ^ida  the  amines  yield  up,  in  any  form,  the 
radicals  whose  introduction  into  ammonia  has  produced 
them.  The  amides,  on  the  other  hand,  are  readily 
decomposed  into  ammonia  and  the  hydrated  oxides  of 
their  radicals.  (The  simplest  manner  of  distinguishing 
an  amine  from  an  amide  consists  in  boiling  the  compound 
under  examination  with  potash,  when  the  amine  remains 
unaltered,  the  amide  evolving  ammonia,  with  the  forma- 
tion of  a  potassium  salt. 

416.  "This  classification  into  amines  and  amides, 
although  far  firom  embradn^  every  individual  member  of 
the  host  of  ammonia-derivatives,  either  known  or  conceiva- 
ble, serves  as  a  thread  to  guide  one  through  the  intricacies 
of  this  numerous  class  of  compounds."  * 

417.  But  Hofmann  has  even  gone  further  still.  He  has 
proved,  by  amdogy,  that  a  solution  of  ammonia  in  water 
IS,  as  Berzelius  supposed,  a  solution  of  the  hydrate  of  the 
oxide  of  the  compound  radical  ammonium,  N  H4,  just  as 
in  soda  and  potash  solutions  there  exist  the  hydrates  of 
sodium  and  potassium.  We  say  that  Hofmann  has 
proved  this  uj  analogy;  the  proof  is  this: — He  has 
replaced  the  last  equivalent  of  ammonium  hydrogen  by  a 
compound  radical.  He  has  obtained,  for  example,  a  body 
whieh  he  has  designated  the  hydrated  oxide  of  tetrethyl- 
ammonium,  in  which  the  four  atoms  of  hydrogen  in 
ammonium  are  replaced  by  four  atoms  of  eth^l. 

418.  Having  given  the  history  of  the  origin  of  types, 
we  must  now  show  howGtohardt  developed  and  ^generalized 
these  ideas,  and  formed  them  into  one  narmonions  group. 
La  doing  so,  we  shall  have  to  return  to  some  subjects  we 
haye  already  pretty  fully  explained, 

•  Dr.  Hofinann,  *'On  AmmoiuA  uid  its  DerivatiTea,"  in  yol«.  XI.  and 
Xn.  of  the  Q^iarUrlff  Jowrnal  iff  ike  Ckemieal  Society, 
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419.  Double  decomposUian  regarded  as  the  type  of  eke- 
mical  action  in  generaL — Double  decomposition  u  an  action 
taking  place  between  two  compound  atoms  (two  binary 
compounds) ;  all  chemical  changes  must  be  regarded  as 
double  decompositions,  if  we  admit  that  the  atoms  of 
the  elements  and  compound  radicals,  in  their  free  state, 
are  united  in  pairs;*  if  we  do  not  admit  that  the  atoms 
of  these  bodies  are  united  in  pairs,  then  all  chemical 
changes  are  divided  into  three  classes,  viz.,  combination, 
single  decomposition,  and  double  decomposition.  We 
give  examples  of  the  different  classes,  on  the  old  view, 
and  we  also  give  them  according  to  the  new  riew,  in 
which  we  assume  that  the  atoms  of  the  elements  and 
compound  radicals,  in  their  free  state,  exist  in  pairs.  All 
these  decompositions  become  reduced,  on  this  assumption, 
to  one  type,  that  of  double  decomposition,  as  the  student 
will  see  by  the  examples. 

Old  Vnw.  Niw  Vow. 

I.H   +1        bHI  (oombinfttioa)    I.    HH+II      r=HI+HI 

n.HI+Zn     BZnl+H      T* ^2^^* }  II.a.HI+ZnZn=ZaI+ZnH 

(    (double    \ 
III.HI-f-HgClBHgI+HCljdeoomposi-1        (.  HI+ZnH  sZnl-fHH 
y      t&OD)      j 

m.   Hi+HgaBHa+Hgi 

420.  The  meaning  <^  fbrmula. '^  Chemiesl  formulae, 
according  to  the  new  riews,  do  not  represent  the  arrange* 
ment  of  Uie  atoms  in  a  compound,  thej  are  only  for  render- 
ing erident,  in  the  most  simple  and  exact  manner,  the 
relations  by  which  the  bodies  are  connected  when  under 
the  influence  of  transformations.  Ererj  transformation, 
every  chemical  reaction,  can  be  rendered  eyident  by  giving 
in  an  equation  the  reacting  materials,  and  the  products  of 
reaction.  To  represent  a  body  by  a  raHotutl  formula,  is 
to  sum  up  b^  conyentional  signs  a  certain  niunber  of  equa- 
tions in  which  this  body  figures,  some  other  body  being 
taken  as  the  unit  of  comparison.  Eational  formulsB  are, 
therefore,  in  a  certain  sense,  contracted  equations. 

421.  We  have  already  stated  (178)  that  the  rational 
formula  of  a  chemical  substance  is  but  a  memorandum  of 

*  We  shall  point  oat,  in  the  next  oh«pter,  what  we  ooniider  to  be  eseep- 
tions  to  the  theory  that  the  atoms  of  bodies  in  their  free  state  are  united 
in  pairs,  for  we  snail  show  that  in  saoh  oases  the  moleoalar  and  ehemioal 
atoms  are  the  same. 


^ 
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its  reactions,  and  a  particular  mode  of  expresiing  the  law 
of  the  synthesis  and  analysis  of  the  body,  apart  from  which 
it  has  but  little  meaning.  A  rational  formula  is,  therefore, 
not  an  egression  of  the  constitution  of  a  body  in  a  state 
of  rest,  but  it  is  deduced  from  the  modes  of  formation  and 
decomposition  of  the  body.  Viewing  rational  formulee  in 
this  light,  we  can  see  wh^  Ba  O,  S  O9  should  be  preferred 
to  the  other  formul»  wluch  might  be  deduced  from  the 
modes  of  formation  and  decomposition  of  this  body,  sul- 
phate of  baryta.  BaO,  SO,  has  the  adyantaee  of  the 
other  formuls  which  might  be  deduced  for  sulphate  of 
baryta  from  some  of  its  reactions,  because  it  recalls  to  our 
recollection  a  certaiu  number  of  analogies  of  a  certain 
number  of  bodies  which  it  is  made  to  resemble ;  and,  in 
particular,  those  double  decompositions  of  which  sulphate 
of  baryta  is  susceptible,  in  imitation  of  other  sulphates, 
or  of  other  salts  or  baryta.  When  we  represent  sulphate 
of  baryta  as  a  combination  of  an  acid  and  a  base,  it  is  less 
for  expressing  the  mode  of  formation  of  this  salt  by  the 
direct  union  of  the  acid  and  the  base,  than  for  showing  its 
resemblance,  xmder  the  influence  of  chemical  transforma- 
tions, to  sulphate  of  lead  or  sulphate  of  iron,  to  phosphate 
of  baryta  or  nitrate  of  baryta.  We  wish  thus  to  show 
that  we  can,  in  sulphate  of  baryta,  replace  the  oxide  of 
barium  by  oxide  of  lead,  or  oxide  of  iron,  and  thus  trans- 
form it  into  other  sulphates ;  or  that  we  can  replace  the 
sulphuric  acid  by  phosphoric  acid  or  nitric  acid,  and  thus 
transform  it  into  other  salts  of  baryta.  In  a  word,  the 
formula  which  makes  sulphate  of  baryta  a  kind  of  double 
edifice,  composed  of  an  acid  and  a  oase,  shows  that  we 
can  conrert  this  body  by  double  decomposition  into  a 
certain  number  of  analogous  compounds.  To  take  another 
illustration — ^we  can  form  alcohol  by  uniting  olefiant  gas 
and  water;  we  can  also  decompose  alcohol  into  olefiant 
gas  and  water.  On  the  other  hiuad,  we  cannot  decompose 
alcohol  into  ethyl,  OaH»,  and  water,  or  form  alcohol  by 
uniting  ethyl  and  water;  jet  we  attribute  to  alcohol  a 
formuu  C,H«,  H  O,  which  in  a  certain  sense  implies  that 
it  contains  ethyL  Now,  whydo  we  accord  this  formula 
to  alcohol  rather  than  C,  U«  U,  O  P  Because  in  the  great 
majority  of  doable  decompositions,  in  which  alcohol  is  one 
of  the  reacting  substances,  the  radical  or  residue,  CaH«,  is 
transferred  £rom  the  alcohol  to  some  other  substance  in 


234  BATIONAL  70SKULA. 

exchange  for  hydrogen,  or  one  of  its  representativeB. 
Examples : — When  alcohol  is  treated  with  potassium,  one- 
sixth  of  the  hydrogen  is  evolred,  and  the  compoimd 
G,H«,£0  is  formed.  A^ain,  when  alcohol  is  trcuEited 
with  chloride,  bromide,  or  iodide  of  phosphorus,  it  yields 
the  compound  C,  H,  CI,  or  C,  H,  Br,  or  C,  JBE,  I ;  and  when 
the  compound  C.H«,£0  is  treated  with  C,H«I,  ether 
and  iodide  of  potassium  are  formed,  as  we  have  already 
seen.  There  is  no  proof  that  the  G.  H5  exists  preformed 
in  alcohol ;  the  formula,  which  is  but  a  contracted  equa- 
tion, is  simply  intended  to  express  the  fact  that  CsHc  ia 
the  group  of  atoms  which  alcohol  most  frequently  ex* 
changes  ior  other  bodies  in  double  decompositions. 

422.  The  same  body  can  have  more  than  one  rationaiybr- 
mula, — Either  the  definition  we  have  given  of  a  rational 
formula  is  incorrect,  or  some  bodies,  at  least,  must  have 
more  than  one  rational  formula ;  for  if  a  rational  formula 
expresses  the  mode  of  formation  and  decomposition  of  a 
substance — in  other  words,  is  but  a  contracted  equation — 
then,  as  sulphate  of  baryta  can  be  formed  from,  and  decom- 
posed into,  other  substances  besides  Ba  O  and  S  Os,  and  as 
alcohol  can  be  formed  from,  and  be  decomposed  into, 
olefiant  sas  and  water,  these  substances  must  have  other 
formulae  besides  Ba  O,  8  O,  and  C,  H„  H  O. 

423.  Formula,  according  to  the  old  yiew,  represent 
(what  is  considered  to  be)  ue  mode  of  arrangement  of  the 
atoms  in  a  compound.  According  to  this  view,  there  can 
be  but  one  formula  for  a  body,  as  its  atoms  must  always 
be  arranged  in  the  same  way.  FormulaB,  according  to  tne 
new  view,  do  not  represent  bodies  in  a  state  of  rest,  but 
in  a  state  of  motion ;  they  represent  the  manner  in  which 
the  atoms  of  the  bodies  are  supposed  to  arrange  them- 
selves when  subjected  to  certain  influences.  It  is  evident 
that  if  a  compound  is  composed  of  but  two  or  three  simple 
atoms,  they  can  have,  even  according  to  this  view,  but 
one  arrangement,  and,  therefore,  the  oodv  can  have  but 
one  ratioiud  formula.  But  when  the  numoer  of  atoms  in 
a  compound  is  more  numerous,  one  formula  cannot  ex- 
press all  the  possible  arrangements  of  the  atoms,  or  all  the 
analogies ;  the  number  of  rational  formula  will,  therefore, 
depend  upon  the  complexity  of  the  body,  for,  with  the  in- 
crease in  the  atoms  or  a  compound,  the  possible  arrange- 
ment of  the  atoms  in  double  decomposition  will  increase, 
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and,  therefore,  the  number  of  rational  fonnulffi  which  may 
be  assigned  to  the  body  will  likewise  increase.  We  shaU 
now  giye  some  examples  to  illustrate  the  £&ct  that  when 
the  same  substance  is  brought  into  contact  with  different 
agents,  each  of  which  is  capable  of  making  it  undergo 
double  decomposition,  it  often  happens  that  it  does  not 
present  to  each  re-agent  the  same  side  for  attack;  in 
other  words,  it  does  not  exchange  with  each  of  the  re* 
agents  the  same  group  of  elements  (the  same  radical  or 
residue).  Such  a  substance  can  therefore  be  represented 
by  several  rational  formula. 

BZAKPI.BS.* 

] .  Oil  of  bitter  almonds  behayes  in  many  re-actions  as 
the  hydride  of  the  radical  benzoyL 

H,C,H,0. 

This  formula  shows  the  same  relation  between  oil  of  bitter 
almonds  and  benzoic  acid  (oxide  of  benzoyl)  as  exists 
between  hydrogen  gas  and  water,  or  the  same  relation  be- 
tween the  oil  and  cmoride  of  benzoyl,  Gl,  C,  H«  O,  as  exiits 
between  hydrogen  and  hydrochloric  acid.  It  corresponds 
in  the  following  reactions :— (1)  The  action  of  air  conyerts 
the  oil  into  benzoic  acid ;  (2)  chlorine  traDsforms  the  oil 
into  chloride  of  benzoyl ;  (3)  the  hydride  of  copper  and 
chloride  of  benzoyl  produce  the  oU  :— 

a  Atoma  of  the  oil  of  Add  bensorio 

hitter  almonds.  anhydride. 

Oil  of  hitter  afanonds.  Chloride  of  beniQjl. 

(2)  H,  Ct  H.0  4-  CI  CI  =  CI,  C,  H.O  +  H  CL 

(3)  CI,  Cr  H, O  +  Cu.H  =  H,  C,H,0  +  Cu,Cl. 

But  in  other  cases,  the  double  decomposition,  instead  of 
being  effected  upon  one  atom  of  the  hydrogen  of  the  oil, 
is  effected  upon  the  oxygen  of  the  body;  the  oil  then 


*  In  fhtare.  the  new  fttomio  nnmhera  will  he  employed,  nnleas  the  oon« 
trwy  it  ftkted. 
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comports  itself  as  an  oxide,  and  not  as  a  hydride.    Sadb  b 
the  action  of  ammooia  (4),  of  aniline  (5),  &c.,  upon  the  oiL 


of  bitter  almondB.    **J"*v"'»*«»«*«*w-  ofwstar. 


(4)  N, )  g;  +  3  O  J^'J*  =  N.  I  <^';J;)'  +  30  5| 

Aniline.  Oil  of  bitter  almonds.    BenBojUuiilide. 

The  more  complicated  a  body  is  in  its  composition, 
the  more  numerous  obviously  are  the  points  of  attack 
which  it  will  offer  to  chemical  agents ;  such  a  body  will, 
therefore,  have  many  rational  formulte ;  in  yirtue  of  this 
principle,  the  oil  of  bitt^  almonds  is  therefore  repre- 
sented at  times  as  the  hydride  of  the  radical  Cj  Hs  O,  and 
at  times  as  the  oxide  of  the  radical  Cr  H,. 

2.  Cyanic  acid,  the  metallic  c^ranates,  the  cyanic  ethers, 
are  th^  oxides  of  the  monatomic  radical  cyanogen ;  thee 
sulphocyanic  acid  is  a  sulphide  of  the  same  radicaL 

Cyanic  acid,  or  oxide  of  cya-  ,  q^ 

nogen  and  hydrogen  -  CHNO=0<y^ 

MetfQlic  cyanates,  or  oxides  |^ 

of  cyanoj2;en  and  metal       -  CMNO  =  0<^ 
Cyanic   ether,    or  oxide    of  [>? 

cyanogen  and  ethyl  -  C  (C,  H»)  N  O  =  O  ^  ^„ 

Sulphocyanic  acid,  orsulphide  J  q      • 

of  cyanogen  and  hydrogen  CHNS  =  S  <J 

These  rational  formulte  signify  that  in  double  decompo- 
sitions the  bodies  for  which  their  formuls  stand,  ex- 
change cyanoeen  for  another  radical;  or  that  they  are 
formed  m>m  like  double  decompositions.  Cyanic  acid 
and  sulphocyanic  acid  are,  so  to  speak,  to  the  body  called 
chloride  of  cyanogen,  that  which  water  and  sulphide  of 
hydrogen  are  to  hydrochloric  acid. 

But  these  cyanic  compounds  are  formed  from  double 
decompositions;  or  they  exchange  in  double  decompo- 
sitions not  the  radical  C  N,  but  the  radical  C  O  of  the 
carbonic  combinations.    Thus,  (1)  cyanic  acid  and  water. 
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wHen  brought  together,  undergo  double  decomposition, 
carbonic  acid  and  ammonia  l^inp  formed;  ^2)  potash 
tranafbnns  cyanic  ether  into  carbonic  acid  and  etnyhunine ; 
(3)  snlphocyanic  acid  is  formed  from  the  reaction  of  am- 
monia upon  sulphide  of  carbon.  It  is,  therefore,  also 
rational  to  represent  and  speak  of  these  cyanic  compounds 
as  the  nitrides  of  the  biatomics  radical  carbonyle  C  O,  and 
sulphoearbomyle  C  S. 

Cyanic  acid,  or  the  nitride  of  (CO 

carbonyle  and  hydrogen  -  CHNO  =  N<    -rr 

Metallic  cyanates,  or  nitrides  inn 

of  carbonyle  and  metal     -  C  M  N  O  =  N  ^  ^^ 

Cyanic  ether,  or  nitride  of  iPO 

carbonyle  and  ether  -C(CsH,)NO  =  N  ]^^ 

Sulnhocyanic  acid,  or  nitride  *     * 

or    sulphocarbonyle    and  .  ri  q 

hydrogen  -        -        -  CHNS=]Srp;^ 

These  formula  express,  for  example,  that  cyanic  acid  is 
to  ammonia  that  which  carbonic  acid  is  to  water,  &c. 
Tbese  double  decompositions,  from  which  the  cyanic  com- 
binations are  formed  by  the  metamorphosis  of  carbonic 
combinations,  or  which  ^ive  carbonic  combinations  by  the 
metamorphosis  of  the  cyanic  compounds,  can  therefore  be 
thus  expressed : — 

Cjaoio  aoid.  Cwbonn  acid. 

(1)    N|<'g  +  o{g=N|H  +  O.CO 


(2) 


ether.  ofpotjh.  Bthylanune.  <,,pot««am. 


Bnlphide  of  Snlpbooranio       Sulphide  of 

otfbon.  acid.  hydrogen. 

424.  One  formula  cannot,  therefore,  represent  all  the 
decompositions  and  recompositions  of  a  complex  body; 


(3)     nJh  +  8CS  =  n{^|  +  S  {I 
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its  most  general  formula — ^the  one  by  wbicli  it  will  moat 
usually  be  represented — will  therefore  be  that  by  which  the 
greatest  number  of  its  formations  and  transformations  can 
be  explained.  But,  although  a  complex  body  may  have 
many  formulse,  practically,  however,  it  is  found  that  a 
smaU  number  ofrational  formulse,  seldom  more  than  two 
or  three,  suffices  for  each  compound ;  and,  moreover,  that 
the  formulsB  of  all  bodies  whatever,  may  be  reduced  to  a 
small  number  of  general  types. 

425.  This  idea  of  Gerhardt's,  that  a  body  may  have 
several  rational  formulae,  is  capable  of  explaining  the 
apparent  contradictions  which  nave  existed  in  organic 
chemistry.  Hitherto,  one  chemist  having  studied  one  set 
of  decompositions  and  recompositions  of  a  body,  deduced 
from  these  chemical  changes  a  formula  for  it ;  another 
chemist  having  studied  another  set  of  formations  and 
transformations  of  the  same  body,  deduced  another  for- 
mula: each,  of  course,  gained  a  certain  number  of  adherents 
for  his  view  of  its  constitution.  These  contradictory, 
and  sometimes  hostile  interpretations,  rendered  organic 
chemistry  a  chaos  to  the  student.  But  Gerhardt's  view 
reconciles  these  conflicting  interpretations ;  each  may  be 
right,  as  the  body  may  nave  more  than  one  formula. 
Order  and  harmony  are  therefore  restored,  and  doubt, 
and  its  attendant  difficulties,  cease  to  beset  the  student's 
path.  But  it  does  even  more  than  this ;  it  opens  up  to 
students  a  glorious  prospect  in  the  field  of  organic  re- 
search. For  the  student  will  readily  perceive,  rrom  this 
view  of  chemical  formuls,  how  much  more  numerous  and 
interesting  must  be  the  discoveries  in  organic,  over  those 
in  inorganic  chemistry,  on  account  of  organic  bodies 
having  m  general  a  much  greater  complexity  of  composi- 
tion, and,  therefore,  susceptible  of  more  numerous  forma- 
tions and  transformations. 

426.  Molecular  types. — "  In  considering  the  composition 
and  the  properties  of  chemical  compounds,  both  mineral 
and  organic,  it  is  found  that  they  may  be  referred  to 
a  comparatively  small  number  of  substances,  of  extremely 
simple  constitutions,  from  which  they  may  be  supposed  to 
arise  by  substitution."  The  substances  from  wnich  the 
others  are  supposed  to  arise  by  substitution  are,  therefore, 
the  patterns  or  types  upon  which  the  other  bodies  are 
founded.    Bodies  belonging  to  the  same  type  must  be 
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analogous  in  oonatifcation  and  yield  analogous  reactions. 
G^erliiurdt  adopts  four  types,  viz. : — 

Water  ^(  O    ^™  which  are  derired  the  oxides,  8nl« 
'  H  5     '       phides,  selenides,  and  tellurides. 

Hydrochloric  acid  «  }  *^L&!'fltri5i!'l^^^ 

Ammonia,  hI  K  ^®  ^^pe  of  the  nitrides,  phosphides, 
^^^     •  j^  C     '        arsenides,  &c. 

^  rthe  type  of  the  elementary  hodies,  corn- 
Hydrogen,  -n  <     pound  radicals,  hydrides  of  metals,  and 
(.     radicals,  &o. 

427.  These  typical  formulie  all  correspond  to  two 
Yolumes  of  yapour. 

428.  There  are,  however,  a  great  many  substances 
which  do  not  admit  of  being  ranged  under  the  above 
types,  unless  we  make  the  lulditional  assumption  that, 
under  particular  circumstances,  two,  three,  or  even  more 
molecules  of  hydrogen,  of  hydrochloric  acid,  of  water, 
or  of  ammonia,  may  be  condensed  into  new  molecules, 
which,  notwithstanding  the  accumulation  of  matter  in 
them,  still  oceupy,  in  the  state  of  yapour,  the  same 
space  which  we  haye  recognised  as  characteristic  of  the 
original  molecules,  yiz.,  two  volumes.  This  condensa- 
tion takes  place  under  the  influence  of  groups  of  elements 
which  are  capable  of  replacing  more  than  one  atom  of 
hydrogen. 

429.  In  iodide  of  ethyl,  CsHsI,  the  group  Cj  H,  is  united 
with  one  atom  of  iodine ;  and  since  this  substance  exhibits, 
in  many  respects,  the  character  of  hydriodic  acid,  we 
refer  it  to  the  hydrochloric  acid  type.  When  this  sub- 
stance acts  under  favorable  circumstances  upon  water, 
1  or  2  atoms  of  hydrogen  in  the  molecule  of  the  water  are 
replaced  by  ethyl,  ethylic  alcohol  or  ethylic  ether  being 
formed,  with  elimination  of  1  or  2  molecules  of  hydriodic 
add. 

(1)  g(0-|-(C,H.)I  =(^*|')f0  +  HI. 

(2)  g[o  +  2|(C.H0l|  ={g;g;)[0H.2HL 
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430.  The  action  of  iodide  of  ethyl  upon  ammonia  gives 
rise  to  the  formation  of  three  ethylated  ammonias,  which 
are  formed  by  the  substitution  of  ethyl  for  1, 2,  or  3  hydro- 
gen-atoms in  ammonia,  thus : — 


HfN  +  (C,H.)I       =       H    ^N  +  HI. 
hJ  ]S'  +  2|  (C,H,)I=(C,H,)V  N  +  2HI. 
(3)    H  y  N  +  3  ]  (C,H.)  1=  (C.H.)  [  Hf 


4-3HI. 


431.  In  hydriodic  ether,  in  alcohol,  in  ether,  and  in  the 
ethylated  ammonias,  the  gronp  C,  Hs  invariably  replaces 

1  atom  of  hydrogen,  and,  accordingly,  a  monatomio  cha- 
racter is  ascribed  to  ethyl. 

432.  On  the  other  hand,  the  group  d  H^,  olefiant  ^, 
or  ethylene,  is  found  to  unite  with  two  atoms  of  chlorine, 
bromine,  and  iodine,  the  compounds  (C,  H4)  Cl„  (C,  Hi)  Br» 
and  (Cs  H4)  la  being  formed.  These  substances  imitate, 
in  many  respects,  the  deportment  of  iodide  of  ethyl,  or 
hydriodic  acid,  and  they  may  be  assumed  to  have  been 
formed  from  two  molecules  of  hydrochloric,  hydrobrolnic, 
or  hydriodic  acid;  the  two  atoms  of  hydrogen  being 
replaced  by  the  group  C,  H4. 

2  molecules  of  hydro-  H  )  CI    /p  tt  \  J  CI    Bichloride 
chloric  acid     -      •  H  $  Ci    ^^»^*MC1     of  ethylene. 

The  two  molecules  of  hydrochloric  acid  are  held  together 
by  the  insertion  of  the  group  C,  H4  into  the  place  of  the 
two  atoms  of  hydrogen;  and  during  this  insertion  the 
volume  of  the  two  molecules  ^of  hydrochloric  acid,  which 
was  originally  2  -f  2  =  4  volumes,  has  shrunk  to  i,  *.  e., 
to  2  volumes,  the  molecule  (C,  H4)  CI,  occupying,  in  the 
state  of  vapour,  a  space  not  greater  than  that  occupied  by 
1  molecule  of  hyorochlorio  acid.  Groups  of  elements 
which  are  capable  of  replacing  2  atoms  of  hvdroff en,  and 
of  linking,  by  such  replacement,  two  moleculea  of  a  type, 
are  callea  biatomic. 

432.  We  have  already  noticed  that  bodies  may  be 
formed  on  the  type  of  2,  3,  4,  or  probably  even  6  atoms 
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of  ammonia ;  tHese  polymoleoules  occupy,  in  tlie  state  of 
vaponr,  only  the  same  space  that  one  yapourized  mole- 
cule occupies ;  this  is  the  case  likewise  with  bodies  formed 

on  the  type  of  2,  3,  &c.,  atoms  of  H  H,  H  CI,  and  j£  ^  O  ; 

these  complex  molecules  only  occupy,  in  the  state  of 
yapour,  the  same  space  that  one  molecule  occupies. 

433.  The  different  molecular  types  are  persistent 
throughout  that  normal  double  decomposition  which  con- 
stitutes the  most  frequent  case  of  chemical  action.  Two 
bodies  belonging  to  the  same,  or,  more  frequently,  to 
different  types,  react  upon  one  another,  with  mutual  mter- 
change  of  certain  of  their  constituents,  to  form  new  bodies 
belonging  to  the  original  types,  thus :— 

Potaasamide. 

434.  We  haye  seen  that  a  body  may  haye  more  than 
one  formula,  and  its  different  formul®  may  be  constructed 
on  different  ty]^s;  thus,  as  we  haye  already  noticed, 
eyanic  acid  and  its  congeners  may  be  represented  by  two 

formul®,^[  Oand^^^^  N.  The  first  of  these  two  repre- 
sents these  compounds  as  formed  on  the  water  type,  in 
which  one  atom  of  cyanogen  has  been  substituted  for  an 
atom  of  hydrogen ;  the  second  formula  is  formed  on  the 
ammonia  type,  m  which  one  atom  of  the  biatomic  radical 
carbonyl  has  been  substituted  for  two  atoms  of  hydrogen. 

435.  "  By  referring  any  complex  body  to  a  simple  type, 
we  pay  regard  only  to  such  of  its  readions,  formatiye  or 
transformatiye,  as  correspond  with  those  of  the  type. 
But  when  more  complex  decompositions  haye  to  be  ex- 
pressed than  ^e  typical  body  is  capable  of  undergoing, 
then  the  complex  body  can  no  longer  be  satisfactorily 
represented  by  its  simple  typical  formula.  Eyery  com- 
pound body  may,  in  fact,  be  represented  by  a  series  of 
typical  formula,  getting  more  and  more  complicated  until 
they  terminate  in  a  mere  synoptic  expression  of  its  consti- 
tuent elements,  which  last  constitutes,  for  every  compound, 
its  most  general  formula.    Now,  intermediate  between 

B 
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these  tdtimate  expressioiiB  and  those  derived  from  our 
simple  typefl,  HCl,  HaO,  and  H,N,  we  bare  fonnnls 
di^nved  mm  mixed  chlorliydric  acid- water,  chlorhydrie 
acid-ammonia,  water-ammonia,  and  chlorhydrie  acid- water- 
ammonia  types,  thus : — 

HCl  Ha  H)^  HCl 

H^o        H)  Hf"  H^Q 

h}^        HVN        H)  Hj^ 

Hi  HSN  H; 

H>  HVN 


^1 

HVN 

h3 


436.  "  In  these  mixed  types,  multiples  of  some  or  all  the 
congtituent  types  may  be  substituted  for  the  simple  types 
above  expressed. 

^37.  "  JBenzamide  furnishes  us  with  a  very  good  illustra- 
tion of  the  use  of  formulse  derived  from  mix^  t^pes.  It 
usually  reacts  as  an  ammonia,  and  consequently  is  usually 
represented  on  the  ammonia  type,  to  incucate  the  class  of 
reactions  of  which  it  is  susceptible.  But  it  sometimes 
re  acts  as  a  hydrate,  and  we  then  represent  it  on  the  water 
type.  But  we  may  readily  represent  it  also  on  the  mixed 
vv  attnr-ammonia  type,  whereby  we  not  only  indicate  its 
capability  of  unaergoing  botn  sets  of  reactions,  but  we 
ih ow  at  a  glance  the  possibility  of  its  being  dehydrated 
into  benzo-nitryl  or  cyanide  of  phenyl,  C,  H,N,  thus : — 

Indeed,  with  the  radical  CtH„  a  much  greater  variety 
of  benzoic  compounds  and  reactionR  can  be  expressed  than 
IB  possible  with  the  radicals  CrH.O,  or  CtH«N.  At 
the  Rame  time,  for  very  many  bodies,  including  benzamide 
(C.H.O)  H,N,  the  formulee  of  Gerhardt,  derived  each 
from  a  simple  primary  type,  are  capable  of  expressing  all 
the  most  lamiliar  reactions  of  the  bodies,  and  are  oest 
adapted  to  the  general  requirements  of  chemical  science."* 
438.  EquivcUent  values  of  radicaU.^A  radical  is  mon" 
aiiymic,  btatomic,  iriatomic,  &c.,  according  as  its  atom  or 

*  **  MaawJ  of  Chemutry,"  bj  Dr.  Odlinff. 
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molecule  is  capable  of  replacing,  and  is  therefore  equiva- 
lent to,  one,  two,  three  atoms,  &c.,  of  hydrogen.  In  alcohol 
and  ether,  for  example, — 

The  radical  ethyl,  C,  H»,  is  monatomic,  because  it  replaces 
one  atom  of  hydrogen  in  the  type,  water;  the  radical 
sulphuryl,  S  O,,  is  ^atomic,  because  it  can  replace  two 

atoms  of  hydrogen ;  Ex. '    -or  I  O,  sulphuric  acid.    The 

radical  phosphoryl  is  triaiomic,  because  it  can  replace 

three  atoms  of  hydrogen;  Ex.  ^  ^     \  Osphosphoricacid.* 

439.  We  have  seen  that  the  same  compound  can  haye 
several  rational  formulse ;  we  have  abo  seen  that  the  dif- 
ferent formula)  represent  the  body  as  containing  different 
radicals ;  but  to  take  one  more  example,  nitric  acid  can 
be  represented  by  the  three  following  formula : — 

440.  In  these  three  formulse,  the  radicals  N  0„  N  O,  and 
N,  have  three  different  equivalent  values ;  N  Oj  is  the 
equivalent  of  one  atom  of  iiydrogen  ;  N  O  is  the  equiva- 
lent of  three  atoms  of  hydrogen ;  N  is  the  equivalent  of 
five  atoms  of  hydrogen,  seeing  that  it  is  necessary  to 
replace  these  three  radicals  by  different  quantities  of 
hydrogen  in  order  to  form  water: — 

441.  We  can,  therefore,  according  to  the  double  decom- 
jwaition  we  derive  the  formula  from,  change  the  radical 
in  the  same  body;  and  the  equivalent  of  the  radical 
also  becomes  changed,  afber  this  law  :-^JSvtfy  equivalent 
qf  hydrogen  which  is  tidded  to  a  radical  diminishes  by 
unity  the  equivalent  value  of  the  entire  radical ;  and  every 
equivalent  ofhydroyen  subtracted  Jhym  a  radical  increases 

*  The  ludogen  elementt  are  monatomio ;  those  forming  the  solphiir  ffronpi, 
are  biatomic ;  thoee  forming  the  nitrogen  group  are  toiatomio,  and  the 
nlieofn  groap  tetrstomie. 
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hif  unity  the  total  eauivalent  value  of  the  entire  radical. 
Far  example,  if  we  derive  nitric  acid  from  two  atoms  of 
water,  N  O  is  equivalent  to  three  atoms  of  hydrogen,  as 
seen  in  the  notation, — 

^  H  (  ^'  equivalent  of  ^  [  ^«  5 

BJid  when  we  wish,  in  order  to  express  another  analogy  of 
the  lie  id,  to  bring  back  the  same  formula  to  one  atom  of 
watitr.  we  commence  by  subtracting  O,  the  equivalent  of 
H,,  from  one  side  of  the  formula,  and  adding  it  to  the 
railic!al  N  O  upon  the  other  side,  afler  the  following  man- 
ner:— 

Now,  by  this  transformation  of  two  atoms  of  water  into 
ouiy  atom,  the  four  atoms  of  H,  in  the  double  atom  of 
H4  0„  are  reduced  to  two  atoms  in  the  single  atom  of 
}la  O ;  and  as  the  nitric  acid  contains  an  atom  of  hydrogen, 
it  follows  that  the  radical  N  O  +  O  =  N  O,  is  equivident 
to  but  one  atom  of  H,  that  is  to  say,  to  H,  (the  equivalent 
of  the  radical  N  O)  diminished  by  H,,  (which  equivalent 
hm  been  added  to  the  radical  NO):  we  have  thus, — 

^  H  I  ^  equivalent  of  g  |  O. 

413.  We  learn,  from  the  preceding  examples,  that  the 
e^jinvalents  in  hydrogen  of  radicals  which  correspond  to 
dlLferent  systems  of  double  decomposition  of  the  same 
body,  bear  to  each  other  very  simple  proportions. 

The  equivalent  of  N  O  or  N  +  O 
is  equal  to  H5  —  H,  =  H, 

The  equivalent  of  N  O,  or  NO  +  O 
is  equal  to  H,  —  H,  =  H. 

44d*  These  examples  demonstrate  that  the  equivalent  in 
hyiirogen  of  a  radical  composed  •of  two  other  radicals,  is 
cf\  iial  to  the  difference  of  the  eouivalents  of  the  two.  This 
riil(?,  which  is  general,  we  shall  see  is  of  great  utility  in 
the  consideration  of  conjugate  radicals. 

444.  When  an  element  forms  two  or  more  oxides, 
oapable  of  double  decomposition,  it  haa  a  different  equi- 
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Talent  value  in  eacli.  Thus,  in  the  two  oxides  of  mercury, 
Hg  (^  100)  has  a  different  equivalent  value  in  each.  In 
the  mercuriouB  compounds  it  is  semi-atomic,  that  is,  it  is 
equal  to  half  an  atom  of  hydrogen ;  therefore  Kg»  (=  200) 
is  equal  to  one  atom  of  H ;  hut  m  the  mercuric  compounds, 
Hg  (=  100)  is  equal  to  one  atom  of  H ;  in  other  words,  it 
is  monatomic.  In  arsenious  acid  (As*  Og),  which  is 
formed  on  the  type  of  3  atoms  of  water,  Asj  is  equivalent 
to  H, ;  and  thererore  As  is  equivalent  to  Hj ;  hut  in  arsenic 
acid  (Asj  O,),  which  is  derived  from  5  molecules  of  water, 
As  is  equivalent  to  H^.  In  ferrous  salts,  Fe  (=28)  is 
monatomic;  in  the  ferric  salts  it  is  sesquiatomic,  Fe, 
heing  equivalent  to  H,. 

445.  J>ritrogen,  phosnhorus,  copper,  platinum,  hismuth, 
—in  short,  all  the  elements  wnich  are,  like  mercury, 
arsenic,  and  iron,  capahle  of  forming  more  than  one 
oxide,  have  evidently  more  than  one  equivalent. 

446.  JSquivalnU  notation, — ^Dashes  are  now  added  to 
flrjrmhols,  to  indicate  the  equivalent  value  of  the  suhstances 
for  which  the  symbols  stand.  A  semiatomic  atom  is  indi- 
cated by  two  dashes  to  the  left  of  the  symbol,  and  placed 
below  the  line,  thus,  ^,Hg ;  a  monatomic  atom  is  indicated 
by  a  dash  to  the  right  of  the  symbol,  and  placed  above 
the  line,  K' ;  a  hi  or  di-atomio  atom  is  indicated  by  two 
dashes  to  the  right  of  the  symbol,  Sn' ;  a  triatomic  atom 
by  three  dashes  to  the  right,  fii" ;  a  sesquiatomic  atom  is 
indicated  thus,  Fe  Fe",  or  Fe,". 

447.  Conjugate  radieals, — For  connecting  two  or  more 
^9tems  of  double  decomposition  of  the  same  body,  it  is 
flrequently  of  advantage  to  represent  these  by  a  conjugate 
radical,  that  is  to  say,  composed  of  two  or  more  radicals, 
each  of  which  recalls  a  like  system.  We  can  consider  the 
radical  of  all  bodies  as  conjugated  which  is  capable,  in 
certain  reactions,  of  transforming  itself  into  simple  com- 
binations appertaining  to  other  radicals,  or  the  radical  of 
all  bodies  resulting  from  the  metamorphosis  of  like  com- 
binations. 

448.  There  are  two  ways  of  representing  a  conjugate 
radical;  it  can  be  conjugated  either  hj  addition  or  by 
substitution*  It  is  conjugated  by  addition  when  it  con- 
tuns  all  the  elements  of  two  other  simple  or  compound 
radicals.  Thus,  sulphophenyle,  CeH«  (S  O,),  is  a  radical 
conjugated  by  the  adoition  of  the  radicals  sulphuryle 
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{S  Og),  and  plienyle  (C,H,) ;  stannethyle  is  a  radical  con- 
jugated by  the  addition  of  the  radicals  stannicum  (Sn') 
and  ethyle  (Cj  H.). 

449.  A  radical  is  conjugated  by  mhstitution  when  it 
contaiDB  all  the  elements  of  one  radical,  and  only  a  part  of 
the  elementg  of  another  radical, — the  complete  radical 
haTiag  replaced  the  absent  elements  of  the  imperfect 
radical .  Thus,  nitrobenzoyl,  C,  H*  (N  d)  O,  is  composed  of 
the  radk-al  benzoyl,  in  which  one  atom  of  hydrogen  if 
rciplaced  by  the  radical  nitryle  (NO,).  Trichloraoetyle, 
C,  (CJj)  O/JB  composed  of  the  radical  acetyle,  C,  H,0,  in 
which  3  atoms  of  hydrogen  are  replaced  by  3  equi- 
Talcnta  of  the  radical  chlorine. 

450.  The  equivalent  in  hydrogen  of  a  conjugate  radical 
may  be  determined  by  the  two  following  rules,  dedaced 
from  the  general  law  previously  given  (441)  :— 

Ist.  TIte  tquivalent  in  hydrogen  of  a  radical  conjugated 
h^  addition^  is  eqiMl  to  the  difference  of  the  equivalents  in 
hydrogen  of  the  two  radical  constituents, 

EXAMPLES. 

1.  The  con  juBtate  radical  cacodyle,  A8"'(CH8)'„  is  eqm- 
valent  to  one  atom  of  hydrogen. 

Equir.  in  hydrogea. 

Tj*^;„«T  ^^««f;f«^4.-  (As'"  arsenosum  -        -  H, 
B*dieal  constituents  ^  ^^  ^^^^  ^^^^^^^         _  g^ 

Difference  -        -  H 

2.  The  conjugate  radical  arsenethyl.  As  (CjHJj,  is 
equivalent  to  two  atoms  of  hydrogen. 

Equir.  in  hrdrogeD. 

a.dicdo<.nBtitue.t,jf^'H.~i-:     .  ;  ^' 

DifiPerence  -        -  H, 

Snd.  The  equivalent  in  hydrogen  qfa  radical  conjugated 
by  substitution  is  equal  to  the  difference  between  the  sum  of 
the  equivalents  in  hydrogen  of  the  constituent  radicals  and 
the  replaced  &r  absent  hydrogen. 
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XX^HPLBS. 

1.  The  conjugate  radical  tetrethyl-ammonium,  N(CsHs)4, 
is  eqaivalent  to  one  atom  of  hydrogen. 

BqoiT.  in  hydrogsn 

IUaicalconBtituenta{fc.%j^^^^       Ih. 

Eeplaced  hydrogen  -    H4 

Difference  -    H 

2.  The  conjugate  radical  acetyle,  Cj  Hs  (O),  is  eqniyalent 
to  one  atom  of  nydrogen. 

BqniT.  in  hydrogen. 

E»dicalcon»titnenta{C-5;'^^^^   [       [    ^ 

I  ^ 

S«placed  hydrogen  -    H, 

Difference  •    H 

451.  Gerhardt'g  sywtem  qf  cltunfication, — ^We  have 
already  learned  that  Gerhardt  classifies  bodies  by  types, 
or  according  to  their  chemical  functions.  We  shall  now 
give  a  list  of  the  more  important  mineral  and  organic 
bodies  under  their  respective  types.  The  compounds  are 
supposed  to  be  derivc/d  from  types  upon  whidi  they  are 
considered  to  be  formed.  And  in  the  next  four  chapters 
we  shall  give  what  may  be  termed  the  practical  appli- 
cations of  Gerhardt*8  system. 
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CLASSmCATION  OF  BODIES  ACCOEDIKG 


"VVATKB  TTPB. 


[}0. 


HYDROCHLOBIC 
ACID  TYPE. 

Ha. 


OXIDES. 


Baehei  PuorRi. 
L  PWfflntry  or  h^drated 

hydrate  of  potawh  ^  }  O. 
tivdrate    or    araeDethy- 

2*  S*t!ondary  or    iinAy- 
Dxidfi  of  po'  I   Kt^  0 


1.  Priwitry  or  (rwe  aleo- 


Tide  alcohol 


C.H, 


wood  spirit    *^h'[^- 


If 
2^  SetvHdit, 


O. 


[.  SetvHditry  aicolot*,  or 
#i*»f?p  ethers,  i?.j., 

riinaT] 
ethec 


orlinnTyl    C,H,|q 


ALOBCros. 
1 .  Priifms^  <j/rff  ^,^il*,  e.g. 

ftoeticjadeh>d^»g*}0- 
ei^euce  of  bitter 

mlmonds      ^'h'}^' 

S,    ^«»nJjirjr  aidahydi 

(cvftmploa  wanting). 


SULPHIDES 
(Selenides,  Tellarides). 


CHLOBIDES 

(Bromides,  Iodides, 

Flaoridoi). 


SULPHI9S8  ov  Basks. 

1.  FHmarjf  nUphi<U$t  or 
$ulphhvaride$,  e.g., 

solphhydrideof }.  Elg 

potassium       I  H  > 
solphhrdride  of  aniline 

fi,(O.H.)NJg 

2.  Secondary  or  metaUie 


Chlobidbs  ov  Basis. 

1.  Primary  or  metaUie 

eUoridee,  e.g., 
chloride   of  potMsimn 

EGl;  chloride  of  sni- 

line 
[H,(C.H,)N,C1]. 


etUphidee,  e.  g., 
sulphide  of   T     Elg 
potassium  )     E  i 


Alcoholic  Svlpridbs. 

1.  Primary  nilphidee,  or 
mercaptan»f  e.g., 

sulphhjdride  l  CjH.  >  « 
of  ethyl      )      R  i^' 


2.  Secondary  eulpkidee, 
or  eulpkvretted  etkere, 
e.g.. 

sulphide  of)  C.H.)  a 
ethyl      )  C.H.I  **• 


Alcoholic  Chlobidbs. 

1.  Primary  ehloride$,  or 
kydroehlorie    etken, 

chbride  of  ethyl  G«H,a 


Aldbhtdic  Sulphidbs. 

1.  Primary  tulphidee, 
e.g., 

sulphoben»ol^»g»}8. 

2.  Seeondarjf  eidphidee 

(wantmg). 


Aldbhtdic  Chlobidbs. 

1.  Primary  ehloridot 
e.g., 

chloride  of  aldehyden 
(fh>m  Dutch  lioaid) 
C,H,C1. 


> 
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HYDROCHLORIC 

ACID  TYPE. 

HCl. 


ammonia  type. 

hIn 

H) 


HYDROGEN  TYPE. 
HH. 


CYANIDES. 


CTAiriDxa  ov  Basbs. 
1.  Primary  or  wtetalUc 

cyanide*,  e.g., 
ojranide    of    potaaanm 

KCy;      ferrocTanide 

of  potaarium 

iK.CFe(CN),r. 


NITRIDES 
(Pboftphides). 


NiTBIDXa  OV  MXVALS. 

1.  Primary  nitridegf  e.  g., 

amide  of  potaB-  I    S 
riunx  f    °^ 


■)»■ 


Alcoholic  Ctavibxs. 

1.  A^'flMfy  ejfanidee,  at 
kydroeyan%«  etkert,  or 
mMdety  e.  g., 

acetonitnie  C  H,  Cj. 


Aldistvxc  Ctavidss. 
1.  Primary  cyamdee 
(not  known  aa  jet.) 


2.  Secondary  nitridee 
(unknown  as  yet). 

S.  Tertiary  niiridee,  e.g., 

nitride  of  po-  I      ^ 
taaainm     -  )       ^ 

Alcoholic  NiTBxnza, 
1.  Primctry  niMdee,  e.g., 

ethylamine 


.H») 
H    \l 
H  J 


2.  Secondary  nitride*,  e.g., 

C,H,) 
diethjlamine     CgU,  }-N. 
H  J 

3.  Tertiary  nitriden,  e.g., 

C,H,] 
trieihylamine 


C.H.j 


Alsihtdio  Nxtbidis. 
1.  Primary  nitridee. 


2.  Secondary  mtridee. 


8.  Tertiary  nUridee  (all  theae 
olaaaea  are  aa  jet'unknowD>. 


METALS 
(MetaUoida). 


MlTALS  OV  Ba8X8. 

1.  Primary  metile^  or  hy- 
dridee  qfmetaU,  e.g., 

hydride  of  oopper 

Ca,H. 

2.  Secondary  metale^  or 

metal*   properly    *o 
called f  e.g., 

potaaaiamKK. 


Alcoholic  Mxtals. 

1.  Primary  metal*,  or  hy- 
dride* qf  the  alcohol 
radical*,  e.  g., 

marsh  gas  CHg.H. 
benzole  C«  H,  H. 


2.  SecoTidary  metal*,  or 
alcohol  radical*,  e.  g., 

ethyl  C,H„C,H,. 
aniylC,H,„0,H^i. 


Mixzn  MxTAL0,  e.g., 
ainc-etbyl. 

MZTALS  OV  AlDSHTDB. 

1.  Primary  metal*,  or 
hydride*  qf  aldehyd*, 
e.g., 

olefiant  gas  C,  HgH. 

2.  Secondary  metal* 

(not  yet  obtained). 


"T 
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WATBK  TYPE, 
1)0. 


HYDBOCHLOEIC 
ACID  TYPE, 


OXIDES. 


bengals  ^^^^^*^*}o, 
}o  acid*. 


ojuut 


CN 


2.  Sfrojitltiry  or  anAjf* 
Bnhjdrid*, 


I 

I 

CI 

i 


I 

I 


SO, 


■ulphstfA  "'^ 


30.. 


Coicpatfirt)  Etbi^ui,  0.^., 
atiJpliuric?  1   {80,}"!.^ 

ryanw  Ether  o^^,[^' 


CamfovwD  Aunsn^^. 


SULPSfDES 
(Bfllenidei,  Tdluridea). 


1,    JPrimary  ruIphUMf 
ojuuD  orad  F      H  f 


tulpliTdooriCTH.Oln 


solphocf  ftnidci     K  [  S. 
«idplMiiti-     ISb"!  n 
xiu»ial«t«     Te      r°<' 


OoxparKU  St7Lrw?miT- 
TXS  Etkebs,  «.^,t 

tnlpbo- 
ofeUyl 


}g.Vh 


CRL0HIDE3. 

(Bromides,  Iodide^ 

HuafidefljI. 


1»  A^'Hory  cklvridrw,  or 

benzoic  oiy chloride,  or 
cbloii^e    of    beozD?] 

free  oblorme  CI,  CL 
cbloridi}    of    cjuiOKH  > 


H 


I 
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HTDROCHLOBIC 

ACID  TYPE. 

HCl. 

AMMONIA  TYPE. 

H    N. 
H 

HYDBOOBN  TYPE. 
HH. 

CYAl^IDES. 

NITHIDBS 
(Phosphides). 

METALS 
(Metalloids). 

Ctasidxb  of  Acn>8. 

(^anide  of  benaoyl 

(CrH.O,CN. 
free  cyanogen  Cli.CN. 

NiTSIDXS  OV  AOIDB. 

1.  PHmarg  nitride*,  e.g., 
0,H,0) 

H      ) 
tncoinamide 

(CAO.)"| 

h:   r- 

MiTAi.8  OV  Acids. 

1.  Primarv   metaU,   or 
kjfdro-aetdt,  «.  g., 

hydride  of  bensoyl 

C,H,0,H. 
hydrochloric  acid  CI,  H. 
hydrocyanic  acid  CN,  H. 

2.  Seeondavy  metdb,  or 
radiealt,  0.  g,, 

benzoyl 

C,H.O,C,H,0. 
chlorine  CI,  OL 
cyanogen  ONfClT. 

C.H.Ox 

C»H,0,") 
O.H.O."  K.. 

H,       > 

8.  Tttrtinrv  maridtm  n  n 

1 

free  nitrogen        K"'}n. 
Sazos  ot  Axidss,  e.g., 

C,H.O) 
Hg}N. 

Alkalaiodss,  a  tenn  ap- 
pUed  by  Qerhardt  to  the 
amides     which    contain 
both  an  add  radical  and 
an  alcohol  radical,  e.g,, 

cthyl-aoetMnide 

O.H.     |n. 

In  this  division  many  of 
those  abready  referred 
to  other  classes  would 
find  their  places ;  snch, 
for  instance,  as  the  cy- 
anides of  the  alcohols, 
which  contain  the  elec- 
tro-negative    radical 
(cyanogen)   of  cyanic 
acid,  and  the  electro- 
positive radical  of  the 
alcohol. 

252        oebhabdt's  system  of  classipication. 

452.  The  majority  of  chemists  reduce  the  number  of 
types  to  three,  by  regarding  the  hydrogen  and  hydro- 
chloric acid  types  as  one ;  other  chemists  add  to  the 
hydrochloric  acid,  water,  and  ammonia  types,  a  fourth, 
which  represents  the  tetratomic  bodies, — ^marsh  gas,  G  Uo 
is  selected  as  the  type  of  this  group. 

453.  In  the  next  four  chapters  the  principal  organic 
compounds  are  classified  under  their  different  types ;  the 
hydrogen  type  has  been  retained,  and  a  different  order 
has  been  followed  in  the  introduction  of  the  types,  in 
order  to  render  the  subject  as  simple  and  systematic  as 
possible  to  the  student.  The  new  atomic  weights,  C  ^  12, 
O  =  16,  are  employed  constantly  in  these  cluipters ;  they 
are  not  distinguished  therefore,  as  in  the  former  part  of 
the  work,  by  the  dark  line  through  the  symbol. 


NoTB. — (See  page  221.)— ^Wnrts,  in  noticing  Hunt's  claim,  renutflta, 
"  In  the  history  of  the  science,  Griffin  shomd  be  noticed  m  hsTing 
published  similar  notions,  loufl;  before  Laurent  and  Hunt.  For  all  this, 
neither  can  Laurent  or  Griffin,  a,nj  more  than  Hunt,  pass  as  the  author  of 
the  theory  of  tyjpes,  and  I  think  this  is  iust.  Those  Who  discover  the  facta 
which  give  prominence  to  an  idea,  and  wno,  thanks  to  those  facts,  introduce 
the  idea  into  science,  and  who  render  it  fhiitfUl,— these  are  the  true  disco- 
verers. Now,  the  discoverers  of  the  mixed  ethers,  of  the  organic  anhydrides, 
and,  I  may  add,  of  the  compound  ammonias,  are  they  who  have  really 
brought  to  Uffht  the  molecular  tvpes  which  characterise  modem  chemis^. 
This  IS  why  Williamson  and  Gerhardt  have  general  credit  as  the  authors  of 
this  idea.  If  thev  are  cited  in  preference  to  their  predecessors,  it  is  in 
virtue  offsets,  ana  of  that  sort  of  supremacy  which  discoveries,  properly  so 
called,  exert  over  pure  speculation." 
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CHAPTEE    VIL 

HYDROGEN  TYPE. 

454.  The  snbstances  treated  under  the  aimple  and 
complex  molecules  of  hydrogen  are  subdivided  into  tvro 
groups,  the  Positive  and  Negative. 

Simple  Molecule. 
HH. 

POSITITB  GboUP. 

455.  This  group  embraces — (1)  The  hydrides  of  metals 
and  metals  proper.  (2)  The  hydrides  of  the  alcohol  radi- 
cals and  the  alcohol  metalsi  pure  and  mixed. 

(1.)  Hydrides  oe  Metals  (Primary  DsRiyATiyEs). 
Metals  Proper  (Secondary  Dsriyatives). 

456.  ^Primary  derivatives. — ^Very  few  hydrides  in  mineral 
chemistry  are  known.  One  only  at  present  is  known, 
which  is  formed  on  the  simple  molecule ;  this  one  is  the 
aubhydride  of  copper,  ^CujH,  in  which  two  atoms  of  copper 
replace  one  of  hydrogen.  This  hydride  speedily  oxidizes 
by  exposure  to  the  air,  protoxide  of  copper  and  water 
being  formed. 

457.  Secondary  derivatives. — The  majority  of  the  metals 
can  replace  hydrogen  atom  for  atom ;  that  is  to  say,  they 
are  monatomic.  The  following  cannot  replace  hydrogen 
in  any  other  proportion ;  that  is  to  say,  they  are,  in  all 
their  combinations,  monatomic : — 

Na,  Na ;  K,  Z ;  L,  L  ;  Ca,  Ca;  Sn,  Sn ;  Ba,  Ba;  Mg, 
Mg;  Zn,  Zn;  Cd,  Cd. 

458.  A  few  of  the  metals  can  replace  hydrogen  by  inter- 
change of  two  atoms  of  metal  for  one  atom  of  hydrogen. 
This  tendency  is  manifested  principally  by  mercury  and 
copper ;  also,  though  to  an  inconsiderable  extent,  by  silver 
andlead.  These  semiatomic  metals  are  likewise  monatomic ; 
we  have  therefore  to  place  mercury  and  copper,  under  the 
simple  molecule,  as  semiatomic  and  monatomic ;  thus, — 

^gf  ^g ;  .Cu,  ,Cu.  Hg',  Hg'  5  Cu',  Cu'. 
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459.  The  followiog  metals  have  also  two  rates  of  ex- 
change for  hydrogen.  We  give  them  here  as  monatomic 
metals, — 

Pf, Pf ;  An', Au';  Cr', (V  ;  Fe', Fe';  Mn',Mn';  U',U'; 
Pd',  Pd'. 

(2.)  Alcoholic  Hydbidbs.    Alcoholic  Metals. 

IsT  Class. 

{General  Formula  of  the  Radicals  qf  this  class  Cn  Hsa  +  ij 

460.  The  most  general  formula  of  vinic  alcohol  is  that 
which  represents  it  on  the  water  type ;  in  this  formula 
one  atom  of  the  hydrogen  in  water  is  replaced  bj  the 

hydrocarbon  C,  H^,  thus    *  g*  f  ^  *  similar  formula  will, 

therefore,  be  the  most  general  for  all  the  members  in  this 
group  of  alcoholic  bodies.  The  composition  of  the  hydro- 
carbon in  each  alcohol  is  peculiar  to  that  one ;  it  exists  in 
no  other  alcohol ;  it  differs  from  the  one  in  the  alcokol 
next  lowest  in  the  series  by  an  increase  of  CH„  and 
from  the  one  next  above  it  by  a  decrease  of  C  Hs ;  *  thus 

CH  > 
the  formula  for  the  methylio  alcohol  is      jj*  {  O ;  the 

formula  for  ethylic  alcohol,  which  is  next  above  it  in  the 

series,  is    'n*  (  ^ '  ^^^  ^^^  formula  for  the  alcohol  next 

.   C  IT  > 
above,  vinic  alcohol,  is    *  ct'  J  ^  >  t^e  general  formula  for 

this  group  of  alcohol  radicals  is  Cn  Hsn  +  i ;  Cn  Hn  signi- 
fying equal  atoms  of  carbon  and  hydrog;en. 

461.  When  one  atom  of  hydrogen  in  the  molecule  of 
hydrogen  is  replaced  by  an  atom  of  one  of  these  alcohol 
radicals,  we  get  the  hfdrides  of  these  radicals.  Example. 
— Hydride  of  ethyl  H,  C,  H«.  When  the  other  atom  of 
hydrogen  is  replaced  by  a  metal,  we  get  a  com|>ound 
formed  on  the  type  of  the  molecule  of  hydrogen,  H^H,  in 
which  one  atom  of  hydrogen  is  replaced  by  a  metal,  and 
the  other  atom  by  one  of  uie  alcohol  radicals.  Example. 
— ^Zinc-ethyle,  Zn,  C,  H,.  When  the  two  atoms  of  hycto- 
gen  in  the  molecule  of  hydrogen  are  replaced  by  two 

*  A  series  of  analoi^iis  substances,  vboee  composition  varies  by  C  H,,  or 
a  multiple  of  it,  is  called  a  series  of  Aoaiofoyow  bodies.  See  Appendix  A, 
page  278. 
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atoms  of  one  of  these  alcohol  radicals,  we  get  the  mole- 
cule or  molecular  atom  of  these  radicals,  or,  as  Gerhardt 
calls  them,  the  aUohol  metals.  Example. — Ethyle-ethyle, 
C,  He  Cs  Hft.  When  the  two  atoms  of  hydrogen  in  the 
molecule  of  hydrogen  are  replaced  by  different  alcohol 
radicals,  we  get  mixed  alcohol  metals.  Example. — Ethyl- 
amyl,  CH.,  CbHu.  The  hydrides  are  called,  according 
to  Gerhardt,  the  primary  derivatives,  and  the  alcoh<3 
metals  the  sectmdary  derivatives  of  hydrogen. 

462.  We  shall  now  give  a  list  of  all  the  hydrides  of  the 
alcohol  radicals  and  Si  the  alcohol  metals  of  this  class 
which  haye  yet  been  obtained  in  an  isolated  state ;  we  shall 
afterwards  see  that  there  are  good  reasons  for  belieying 
that  the  list  will  be  extended. 

463.  The  student  must  commit  to  memory  the  names 
and  symbols  of  these  alcohol  radicals ;  he  will  then  not 
only  be  able  to  write  out  the  formulse  of  the  alcohol 
metals  and  the  hydrides,  but  he  will  also  be  prepared  to 
write  out  all  the  other  combinations  of  these  radicals. 
These  bodies  haye  at  present  two  sets  of  names;  those 
describing  their  position  in  the  series,  as  trityl,  tetryl, 
haye  been  giyen  them  by  Gerhardt ;  the  others  were  giyen 
at  the  time  of  their  discoyery. 

Alcohol  metals, 

Methvl-methyl         -       -        -    CH„CH, 

Ethytethyl     ....    C,H,,  C,H, 

rr^'^1 4^^i        1  C  ^ot  isolated 

l^tyl-tntyl         1       ^         _  .  hfnrmnlii.  will  b# 


Tetryl-tetryl 

(Butyl-butyl)    V       -       -        .    C'K^C^'K. 

(Valyle-yalyle)) 

Amyl-amyl       -        «       -        .    CgHu*  C^Hu 


(Ptopyl-propyl)  J  ^  \,^  g  _  q^  2  j 

-     yl-tetiyl    > 

yl-butfl)    \ 

de-yalyle)  J 
^1-amyl 
Hexyl-hexyl  )  r»  tt    n  tt 

(Caprotyle-caprotyle)  i  "        "    ^•^"'^•^«- 

Hydrides  of  these  alcohol  radicals. 

Hydride  of  methyl  (marsh  gas)         -    H,  C  H, 

ethyl      .  -        -        .    H,C,H. 

y,         trityl      •  •        -        -    H,  CsHf 

„         teti^l     -  -        -        -    H,  C4  H, 

„         amyl      -  •        -       •    H,  C^Hix* 
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464.  Preparation  of  the  hydride*  of  the  alcohol  mekUs. 
^Theae  bodies  are  produced  in  the  putrefaction  and  dry 
distillation  of  vegetable  and  animal  substances.  Marsh 
^as  (light  carburetted  hydrogen),  for  example,  is  formed 
in  the  destructive  distillation  of  coal,  and  is  also  formed 
by  the  putrefaction  of  vegetable  matter  under  water. 
These  hydrides  are  formed  likewise  by  the  action  of  zinc 
on  the  chlorides  or  iodides  of  the  corresponding  alcohol 
radicals. 

Iodide  of  amyl.  Hydride  of  amyl.    AmTlene. 

2  (C.  H„,  I)  +  Zn  Zn  =  2  Zn  I  +  H,  C.  H„  +  C.  H... 

2nd.  By  the  action  of  water  on  the  compounds  of  the 
metals  and  alcohol  metals. 

Zino-ethjL 

Zn,  C,H.  4-  5  J  O  =  H,  C.H.  -i-  g'  j  O. 

3rd.  They  are  also  formed,  as  we  shall  learn  hereafter, 
by  distilling  the  fatty  acids  with  an  excess  of  alkali. 

465.  Properties  of  these  hydrides, — The  hydrides  at 
present  known,  of  which  a  list  has  been  given,  are  either 
gases  or  liquids  at  the  common  temperature.  The  liquid 
ones  are  volatilized  without  decomposition.  Chlorine 
attacks  them,  removing  some  of  the  atoms  of  hydrogen 
in  the  alcohol  radical,  an  equal  number  of  atoms  of 
chlorine  being  substituted. 

H,  C,H,  +  01  CI  =  H,  C,  (H,  CI) -f  H  CI. 

466.  Preparation  of  the  alcohol  metals. — These  bodies 
can  be  formed,  as  we  have  seen  (pars.  198,  206,  208),  by 
the  action  of  zinc  on  the  iodides  of  the  alcohol  radicals,  at 
an  elevated  temperature,  and  under  strong  pressure. 
They  are  likewise  obtained  by  the  action  of  sodium  on 
the  chlorides  of  the  alcohol  radicals ;  and  they  can  also  be 
obtained  by  the  electrolysis  of  the  acids  derived  from  the 
alcohols.  There  is  disengaged  at  the  same  time  hydrogen, 
and  carbonic  acid,  and  an  alkaline  carbonate  remains. 
The  electrolysis  of  acetate  of  potash,  for  example,  gives, — 

Acetate  of  potash.  Methyl'inethyl.  Carbonate  of  potash. 

2(C,H,K0,)+H,0=CH„CH,+H,H+C0,+(^J^'[o^ 


\ 
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467.  Properties  qfthe  alcohol  metals, — Methyl  and  ethyl 
are  gaseous  at  the  ordinary  temperature;  the  other 
alcohol  metals  which  have  been  obtained  in  an  isolated 
state  are  Uanid  bodies,  more  or  less  volatile.  They 
exhibit  but  little  tendency  to  unite  with  other  bodies. 
The  alcohols  and  ethers  cannot  be  formed  from  them 
directly.  They  are  not  attacked  by  hydrochloric  acid. 
Nitric  acid  only  attacks  the  higher  terms  of  the  series, 
and  only  then  after  long  ebullition.  They  are  not 
attacked  by  potash.  Oxygen  and  sulphur  do  not  act 
upon  them ;  cnlorine  and  bromine  decompose,  but  do  not 
unite  with  them,  substitution  products  being  formed. 
(See  pars,  from  195  to  211.) 

468.  We  have  already  noticed  the  way  the  mixed 
alcohol  metals  are  prepared  (par.  210),  and  have  also 
giyen  a  list  of  tliem  (page  122). 

469.  Mixed  Metals. — The  bodies  containing  a  metal 
proper  and  an  alcohol  radical,  as  zinc-ethyl,  zinc-methjl, 
all  contain  two  or  more  atoms  of  metal,  combined  with 
two  or  more  atoms  of  the  alcohol  radical  in  two  volumes 
of  vapour.  They  must,  therefore,  be  classified  under 
the  polymolecules  of  hydrogen ;  we  shall  therefore  notice 
and  describe  these  bodies  under  their  proper  classes. 
Hitherto  we  have  given  the  formulae  of  zmc-methyl  and 
zinc-ethyl  as  C  H„  Zn,  and  Ca  Hs,  Zn,  but  the  true  formulre 

of  these  bodies  appears  to  be  q  jj'  >  Zn^  and  ^  „  *  >  Zn, 


Second  Class  of  Alcohol  Eadicals. 
{General  formula  of  the  radicals  of  this  class,  €„  H,  n  _  i. ) 

470.  The  only  member  of  this  group  which  has  yet 
been  discovered  is  allyl,  Cj  Hj,  C,  H,. 

471.  Preparation  and  properties  qf  allyl, — When  iodide 
of  allyl  (Cs  Ha  I)  is  treated  with  sodium,  it  is  decomposed, 
iodide  of  sodium  is  formed,  and  allyl  is  liberated,  m  the 
form  of  a  very  volatile  liquid,  possessing  an  odour  resem- 
bling that  of  radishes.  It  is  immediately  attacked  by 
chlorine,  bromine,  and  iodine. 


258  hydrides  and  theib  pbbpaeation. 

Thisd  Class  ot  Alcohol  Eadicals. 
{General  formula  of  this  class  qf  alcohol  radicals,CnRan-r*) 

472.  The  secondary  derivatives  or  the  alcohol  metals 
of  this  class  have  not  yet  been  obtained.  The  following  is 
a  list  of  the  primary  derivatives  or  hydrides  of  this  cLus, 
which  are  at  present  known.  They  are  subdivided  into 
two  groups,  as  the  members  of  the  nrst  subdivision  do  not 
form  aldehydes,  whilst  the  members  of  the  second  division, 
do  form  this  class  of  bodies.  The  student  must  commit 
to  memory  the  names  and  symbols  of  these  bodies,  and 
their  radicals : — 

Names.  Formula.   Boiline  point. 

Fint  diTision.  F. 

Benzole*  or  hydride  of  phenyle  -  H,  C.  H,  -  177^ 
Xylole H,  Cs  H,  -  263 

Seoond  dinuoiu 

Toluole,  or  hydride  of  toluene     -  H,  C,  H,  -  230 

Cumole H,C,Hu-299 

Cymole H,C,oH«-  341 

473.  I%e  hydrides  and  their  preparation. — The  hydrides 
forming  this  class  are  produced  m  the  dry  distillation  of 
many  organic  substances,  such  as  oil,  wood,  coal,  tolu- 
resin,  &c.  They  are  likewise  formed  by  the  dry  distilla- 
tion of  the  monobasic  acids  Cn  H,  ^  _  9  O  with  excess  of  lime 
or  baryta,  a  carbonate  of  the  base  being  formed  at  the 
same  tmie.    Example : — 

Hydride  of  phenyle,  or  bensole. 

^'^ij^|0  =  C0.+  H,C.H, 

*  As  beoBole  hM  become  a  eubstance  of  ^eat  commercial  ralne,  it  is 
importaat  to  be  able  readily  to  det«ct  it  in  a  mixture  of  other  hydrocarbons. 
The  following  is  Dr.  Hofmann's  mKhod : — "  A  drop  of  bensole  is  heatod  in 
a  small  test-tube,  with  fuming  nitric  acid,  to  convert  it  into  nitro-benxole. 
A  good  deal  of  water  is  then  added,  to  precipitate  the  nitro-bensole  in  amall 
drops,  which  must  be  taken  up  by  ether.  The  etherial  solution  is  tfatn 
poured  into  another  small  t«st-tube,  and  equal  Tolumes  of  alcohol  and  dilute 
hydrochloric  acid  are  added ;  a  few  Aragraents  of  granulated  cine  are  than 
dropped  in.  In  about  five  minutes,  sufficient  hydrogen  will  have  been 
disengaged  to  produce  aniline,  which  will  be  found  combined  with  the  acid. 
The  nquid  is  supersaturated  with  an  alkali,  and  shaken  with  ether,  which 
dinsokes  the  aniline  set  free.  A  drop  of  this  etherial  solution  allowed  to 
eraporate  on  a  watoh.glass,  and  mixed,  after  the  cTaporation  of  the  ether, 
with  a  drop  of  a  solution  of  hypochlorite  of  lime,  will  show  the  violet  Hntt 
which  are  characteristic  of  aniline.  The  operation  may  be  executed  Tery 
rapidly,  and  without  difficulty." 
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474.  Toltiole  and  cymole  are  also  fonned  by  the 
distillation  of  their  respective  alcohols  with  an  alcoholic 
solation  of  potash.  Cymole  is  contained  ready  formed  in 
the  essence  of  cummin. 

476.  Properties  of  these  hydrides. — This  class  of  hydrides, 
at  the  ordinary  tem^rature,  are  liquids.  They  are  volatile 
without  decomposition,  and  they  are  solidified  by  the  cold. 

(1.)  Treated  with  sulphuric  anhydride,  they  give  sulpho- 
eonjugated  hydrides : — 

Two  atoms  of  hydride  of  phenyle. 

2  (H,C.H,)  +  0,80.,  =  H.  (C.H,),  SO.  +  ^\o 

(2.)  Treated  with  concentrated  sulphuric  acid,  they  are 
transformed  into  sulpho -conjugated  monobasic  acids : — 

H.C.H.+  (Sgf  I  O.  =  C.H.(SOJ^  o  +  H  J  o 

(3.)  Treated  with  fuming  nitric  acid,  or  with  a  mixture 
of  concentrated  nitric  and  sulphuric  acids,  they  produce 
nitro-Gonjugated  or  binitro-conjugated  hydrides : — 

Nitro-benxole. 

(^)  H,C.H,  +  ^g«J  0  =  H,C.H,(NO,)  +  g|  O 

(2)  H,C.H,  +  2(^g«J  0)=H,C.H,(N0,),  +2'^^  O 

These  nitro-conjugated  products,  as  we  shall  see  here- 
after, are  transformed  by  reducing  agents  into  organic 
alkalies.* 

(4.)  When  these  hydrides  are  submitted  to  the  action  of 
chlorine  and  bromine,  they  fix  directly  these  elements, 
producing  chloro-conjugated  chlorhydrates. 

H,  C.H.  +  CI. CI.  =  ^'g;  (^^'^ }  g^ 

*  By  th«  reduction  of  nitro-bensole,  aniline  is  formed,  from  which  organic 
f^Tirali  aU  the  beautifol  new  colours — ^mauve,  roseine,  ko. — are  formed.  The 
nitro-benaole  is  therefore  manufactured  on  a  large  scale,  and  it  is  accom- 
plished in  the  following  way  •.—"  A  flne  stream  of  benxole  and  another  of  the 
strongest  nitric  acid  are  allowed  to  ran  together  in  a  worm,  or  lonf|[  glass 
tab«, \ept  well  cooled.  The  two  liquids  react  on  each  other  on  comiof^  in 
contact,  heat  is  disengaged,  and  nitro-bensole  is  formed.  C!ommercial  mtric 
add,  mixed  with  half  its  volume  of  sulphuric  acid,  may  be  substituted  for  Uie 
concentrcted  nitric  acid.  The  nitro-benzole  collected  at  the  end  of  the 
worm  is  first  washed  with  water,  then  with  a  solution  of  carbonate  of  soda, 
and  afterwards  once  again  with  water."-— Kopp,  "  On  the  Preparation  of 
Artificial  Colouring  Matters."    Chemical  Newt,  vol.  ii. 
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An  alcoholic  solntion  of  potash  halves  these  chloro-con- 
jugated  chlorhydrates  into  chloro-conjngated  hydrates  and 
nydrochloric  acid. 

^"h!^^^'^}  C1,= ^'  ^-^^  (^^)  +  3  H  a 
Negative  Group. 

476.  This  croup  embraces — (1)  The  monatomic  acid 
radicals,  simple  and  compound.  (2)  The  aldehydes.  (S) 
The  ketones. 

(1.)  Acid  Eadicals,  Simple  and  Compound. 

477.  The  hydrides  of  these  acid  radicals,  which  migkt 
be  termed  the  primary  derivatives,  come  under  the  type 
of  hydrochloric  acid ;  we  therefore  only  here  give  tne 
formulsB  of  the  simple  molecides  of  these  bodies. 

Chlorine.  Bromine.  Iodine.  CjMDogevu 

CI,  CI  Br,  Br  1,1  Cy,Cy 

(2.)  Aldehydes,  ob  the  Hydeides  of  the  Acid  £ adicals, 

478.  Common  or  acetic  aldehyde,  CiH^O,  is  obtained 
by  the  oxidation  or  dehy drogenation  of  alcohol,  C,  He  O, 
whence  its  name  aldehyde,  from  alcohol  dehydropenaius. 
The  term  is  now  applied  to  a  clajjs  of  bodies  which  have 
the  same  relation  to  their  respective  oxacids  that  common 
aldehyde  has  to  acetic  acid.  The  constitution  of  these 
bodies  is  still  a  matter  of  doubt ;  Liebig  regards  the 
organic  aldehydes  as  the  hydrated  oxides  of  electro- 
negative radicals,  just  as  alcohols  are,  according  to  his 
view,  the  hydrated  oxides  of  electro-positive  radicals. 
This  radical  theory  assumes,  therefore,  that  there  exists 
in  common  aldehyde  a  radical  called  acetyU,  or  aide- 
hydene,  =  C*  H3,  which,  in  combination  with  one  atom  of 
oxyeen,  forms  the  oxide  of  acetyle;  and  the  latter,  in 
coim)ination  with  one  atom  of  water,  forms  aldehyde,  or 
hydrated  oxide  ofacetyle=KOf  C4H3,0  j  in  these  formulae 
the  old  equivalent  numbers  of  C  and  O  are  employed, 
C  =  6  and  O  =  8. 

479.  The  aldehydes  are  represented  in  two  different  ways 
according  to  the  new  view.  Some  chemists  represent  them 
on  the  type  water;  the  formula  of  common  aldehyde  is  then, 

according  to  this  view,      h*  4  ^  •  <^^®'  chemists  repre- 


^ 
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sent  them  on  tke  type  of  Lydroffen;  the  formula  of 
common  aldehyde  is,  according  to  this  view,  C|  Hs  O,  H ; 
the  acid-oxygenized  radical,  C,  H,  O,  occupying  the  place 
of  one  atom  of  hydrogen  in  a  molectde  of  that  element. 
As  we  shall  view  them  as  constructed  on  the  hydrogen 
type,  we  will  here  show  in  what  a  satisfactory  manner 
their  production  and  oxidation  can  be  explained  according 
to  the  hydrogen  type  construction. 
Production. 


I.,  U,  U,  M  -  I  (hydrogen  type) 

i) 


^}o- 


Alcohol  (water  type)  -    =^'h' 
Oxygen         -       -       .       -    O 

Oxidation, 

Aldehyde  (hydrogen  type)  a  C.H.O,  H>       {C.H,0)rx       f  acetic  acid 
Oxygen         ...  O       ;=l      H       |" ""  1  (water  type). 

480.  Alcohol,  by  oxidation,  separates  into  water  and  a 
body  (aldehyde)  on  the  hydrogen  type;  as  hydrogen 
jrields,  by  oxidation,  water,  so  aldehyaio  bodies  yield,  by 
oxidation,  bodies  (acids)  constructed  on  the  water  type ; 
and  as  hydrogen  is  proouced  by  the  deoxidation  of  water, 
BO  aldehjdes  are  produced  by  the  deoxidation  of  those 
acid  bodies  which  hare  been  produced  by  their  oxidation. 

481.  The  aldehydes  aremonatomiCfbiatomiCf  or  triatomic, 
that  is  to  say,  they  are  derived  from  one,  two,  or  three 
molecules  of  nydr<^en,  according  as  their  corresponding 
acids  are  derived  from  one,  two,  or  three  molecules  of 
water. 

482.  The  following  compounds  may  be  regarded  as  the 
aldehydes  of  some  of  the  monobasic  mineral  acids : — 

Nitrous  acid,  or  aldehyde  of  nitric  acid  H  Oj  N  =  H,  N  Oj 

Hydrochloric  acid,  or  aldehyde  of 
hypochlorous  acid  -        -        -        -  H  CI     =  H,  CI 

Hydrocyanic   acid,  or    aldehyde    of 

cyanic  acid HCN  =H,  Cy 

Spontaneously  inflammable  phosphide 
of  hydrogen,  or  aldehyde  of  hypo- 
phosphorous  acid  -        -        -        -HP      =H,  P 

*  Since  thia  waa  written,  Wurtz  haa  eonyerted  aldehyde  into  alcohol  by 
the  direct  addition  of  hydrogen;  this  experiment  rapports  the  view  that  the 
•Idehydea  are  formed  on  the  water  type.  Wnrts  converted  aldehyde  into 
alcohol  by  submitting  an  aqueous  solution  of  aldehyde  to  the  action  of 
sodinm  amalgam.— flee  Bepwt.  de  Ckimie, yol.  W.  p.  226. 


262  ALDBHTDB8. 

ALDSHrDBS  COBBBSPONDING  TO  THB  FiBST  ClASS  OF 

Alcohol  IUdicals. 

{General  formula  qf  the  acid  radical  in  this  elaee  qf  cUde- 
hydes,  C^B.,n-iO.) 

483.  We  shiill  only  give  the  oomposition  of  two  alde- 
hydes in  this  clasB ;  the  stadent  will  be  required  to  write 
out  the  formul»  of  the  others. 

Acetic  aldehyde  (aldehyde  par  excellence)  H,  C,  H,  O 
Butyric  aldehyde H,  C^HtO 

484.  Preparation. — ^When  the  alcohols  are  burned  with 
free  access  of  air,  the  sole  products  are  water  and  carbonic 
acid;  but  when  the  supply  of  air  is  limited,  and  the 
oxidation  is  effected  at  a  lower  temperature,  the  principal 
product  is  an  aldehyde.  The  most  convenient  method  of 
oxidizing  the  alcohol,  so  as  to  produce  an  aldehyde,  is  hj 
submitting  to  distillation  a  mixture  of  alcohol,  sxdphunc 
acid,  and  binoxide  of  manganese  or  bichromate  of  potash. 

485.  The  following  is  a  still  more  general  method  for 
preparing  these  bodies ;  it  consists  in  the  dry  distillation 
of  an  intmiate  mixture  of  equal  equivalents  of  formiate  of 
lime  and  the  lime  salt  of  the  organic  acid,  the  aldehyde  of 
which  we  wish  to  obtain.  Thus,  to  obtain  acetic  aldehyde 
we  distil,  in  the  dry  state,  equal  equivalents  of  formiate 
and  acetate  of  lime. 

Aoetate  of  lime.     FormUte  of  lime.  CarboiiAte  of  Ume. 

486.  Enanthylio  aldehyde  is  obtained  by  the  distillation 
of  castor  oil;  and  caprylic  aldehyde  is  obtained  by  the 
distillation  of  that  oil  with  potash. 

487.  Fhyiical  properties  of  these  bodies. — They  are 
liquid  or  solid  bodies.  Many  of  them  (acetic,  enanthylic, 
&c.)  form  two  or  three  isomers. 

4^8.  Chemical  properties.  —  The  aldehydes  combine 
directly  with  oxygen,  and  become  transformed  by  this 
oxidation  into  monobasic  acids ;  the  general  formula  of 
the  acids  formed  by  the  oxidation  of  tiiia  class  of  alde- 
hydes is  ^»-'^*  h'  ^  I  ^-  ^^  account  of  their  great  affinity 
for  oxygen,  they  reduce  readily  oxide  of  silver.    When 
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we  heat  slightly  a  solution  of  nitrate  of  silver,  to  which 
a  few  drops  of  ammonia  must  be  added,  so  as  to  render 
it  slifhtly  alkaline,  in  a  glass  tube,  or  other  glass 
▼essel,  and  add  a  Httle  aldehyde,  immediately  there  is 
deposited  on  the  inner  sides  of  the  vessel  a  most  beau- 
tiful metallic  mirror.  The  aldehyde  robs  the  oxide  of 
silver  of  its  oxygen,  and  becomes  itself  transformed  by 
the  appropriation  of  that  element  into  its  corresponding 
acid.  The  silver  is  thus  liberated  in  a  very  finely  divided 
state,  and  is  deposited  on  the  glass  in  a  smooth,  united, 
compact  layer.  It  was  supposed,  at  one  time,  that  acetic 
aldenyde  was  converted,  in  this  reaction,  into  a  particular 
acid,  named  acetous  or  aJdehydic,  but  this  is  not  the  case ; 
it  is  converted  into  acetic  acid.  When  an  aldehyde  is 
treated  with  one  of  the  fixed  alkalies,  and  the  solution 
wanned,  it  yields  its  corresponding  acid,  and  also  a 
resinous  matter,  which  has  not  been  examined.  They 
enter  into  direct  union  with  ammonia.  The  compounds 
thus  (produced  are  frequently  crystallizable.  This  pro- 
perty is  made  use  of  in  separating  the  aldehydes  from 
other  bodies.  We  give  the  formation  and  the  composition 
of  aldehyde  of  ammonia  as  the  type  of  the  series : — 

H,C,H,0  +  NH3=C,H,0,NH3  . 

Another  characteristic  property  of  the  aldehydes  is  that 
of  iiniting  with  the  alkaline  bisulphites,  especiallv  those 
of  soda  and  ammonia,  and  forming  with  them  crystallizable 
compounds.  This  property  of  combining  with  alkaline 
bisulphites  is  not  limited  to  this  class ;  it  is  possessed  by 
aU  the  aldehydes.  This  property  is  made  use  of  in  sepa- 
rating aldehvdes  from  complex  mixtures.  We  give  the 
formula  of  the  oompoxmd  produced  by  the  combination 
of  bisulphite  of  ammonia  and  acetic  aldehyde,  as  an 
example  of  the  composition  of  this  class  of  bodies, 
C,  H*  O,  N  H,  S  O,.  Tne  chemical  properties  we  have  now 
described  are  very  characteristic  of  the  aldehydes. 

489.  When  the  compounds  produced  by  the  combi- 
nation of  ammonia  with  the  aldehydes  are  acted  upon  by 
sulphide  or  selenide  of  hydrogen,  they  are  converted  into 
sulphuretted  bases  :— 

Thialdme. 

3  (C,H.O,NH,)  +3H,8=C.H„NS,+3H.O  +  (NHJ.S 
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490.  When  they  are  treated  with  hydrocyanic  and 
hydrochloric  acids,  they  also  give  rise  to  organic  bases : — 

Alanine. 
(Propionunio  acid.) 

and  these  organic  bases  are  transformed  by  nitrons  acid 
into  biatomic  acids,— 

Lactic  acid. 

2C,H:NO,  =  2C,H.O,4-2N,  +  H,0 

491.  The  aldehydes  disengage  hydrogen  in  contact  with 
potassinm,  the  latter  body  occupying  its  place : — 

2(H,C,H,0)  +  B:B:  =  2(K,C.H,0)-f  HH 

492.  The  hydrogen  can  also  be  replaced  by  chlorine. 
We  then  get  the  chloraldehydes,  which  will  be  noticed 
under  the  head  of  hydrochloric  acid,  as  they  come  under 
that  type.  The  oxygen  can  also  be  replaced  by  sulphur. 
We  then  get  suipnaldehydes ;  and,  lastly,  the  hy- 
drogen in  the  acid  radical  can  be  replaced  by  chlorine, 
bromine,  &c. 

Aldehtdes  cobbesfondino  to  the  Second  Class  of 
Alcohol  Eadicals. 

(General  formula  of  the  add  radicals  in  this  cIosm  of 
aldehydes f  CnHjn_,0.) 

493.  As  yet  we  only  know  one  aldehyde  (acrolein) 
belonging  to  this  series, — 

Acrylic  aldehyde  (acrolein)      -        -  H,  C3  Hs  O 

494.  Preparation. — When  glycerin,  or  any  oil  or  fat 
containing  it,  is  distilled,  vapours  are  formed  which 
violently  attack  the  eyes  and  the  organs  of  respiration. 
This  body  has  therefore  been  appropriately  called  acrolein. 
It  is  best  prepared  by  distilling,  in  a  capacious  retort, 
glycerin  with  phosphoric  anhydride,  or  with  bisulphate  of 
potash.  These  bodies  dehycfrate  or  remove  the  elements 
of  water  from  the  glycerin.  By  this  removal  it  becomes 
converted  into  acrolein,  as  glycerin  contains  the  elements 
of  this  latter  body,  and  two  equivalents  of  water : — 

Glycerin. 

C.H.OjssC.H^O  +  2H:,0. 
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It  is  also  fonned  by  the  oxidation  of  its  corresponding 
alcohol. 

495.  Properties. — It  is  a  thin,  colourless,  highly  volatile 
liquid,  lighter  than  water,  and  boiling  at  126°  F.  Its 
vapoar  is  irritating  beyond  description.  It  is  sparingly 
soluble  in  water,  freely  in  alcohol  and  ether.  It  unites 
directly  with  oxygen ;  with  ammonia,  it  reduces  oxide  of 
silver,  and  forms  a  resinous  body  with  potash,  ]ike  the 
previous  aldehydes. 

Albbhtdes  cobbbspondivo  to  thb  Thibd  Class  of 
Alcohol  StADIcals. 

{Greneral  formula  of  the  acid  radicals  in  this  class  of 
aldehydes,  €„  H,n_»  O.) 

496.  We  have  already  noticed  that  the  first  division  of 
the  third  series  of  alcohol  radicals  do  not  form  aldehydes. 
This  character  distinguishes  them  from  the  members  of 
the  second  division,  which  do  form  this  class  of  bodies. 
The  following  is  a  list  of  those  at  present  known : — 

Hydride  of  benzoyl  (essence  of  bitter 

almonds) H,CrH,0 

Hydride  of  toluyl      -        -        -        -  H,  C«  H,  O 
Hydride  of  cumyl  (essence  of  cumin)    H,  d©  H,i  O 

497.  Preparation. — This  class  of  aldehydes  is  produced 
by  the  oxidation  of  their  corresponding  alcohols.  Hydride 
of  cumvl  exists  naturally  in  plants ;  oil  of  almonds  is 
obtained  by  the  fermentation  of  amygdaline,  hydrocyanic 
acid  and  grape  sugar  being  also  formed.  They  can  also  be 
obtained  by  distifling  a  mixture  of  formiate  of  lime  and 
the  lime  salt  of  the  corresponding  acid  together  (par.  485). 

498.  Properties, — They  behave  with  oxygen  lUce  tlie 
other  aldehydes.  They  are  transformed  by  potash  into 
the  corresponding  monobasic  acids.  This  class  of  alde- 
hydes, and  also  the  aldehydes  of  the  fourth  and  fifth 
classes,  combine  with  ammonia,  forming  neutral  com- 
pounds, which  are  named  in  the  following  way,— hydro- 
benzamide,  hy  drocinnamide,  &c.  These  neutral  compounds, 
when  boiled  with  a  somewhat  dilute  solution  of  caustic 
potash,  or  when  simply  exposed  to  a  temperature  of  140°— 
IW*  C,  become  transformed,  without  any  evolution  of 
ammonia,  into  organic  bases,  having  the  same  composition 


2M  ALDEHYDB8. 

BA  the  original  amide  compounds.  These  amides,  when 
treated  with  sulphide  of  hydrogen,  yield  the  aldehyde, 
but  with  sulphur  substituted  for  the  oxygen. 

499.  When  benzoic  aldehyde  is  evaporated  with  hydro- 
xy aoic  and  hydrochloric  acids,  we  ootain  formobenzoie 
Hi- id  :— 

Formobenxnc  aidd. 

2CTH.O  +  2HCISr  +  4H,0=2NH.  +  C„HMO. 

5f)0.  An  atom  of  hydrogen  in  the  radical  of  these  alde- 
h3  des  can  be  replaced  by  K  O-.  Example : — Aldehyde  of 
nitrobenzoyl,  H,  C,  H4  (N  0,)0.  These  compoundts  are 
transformed  by  potash  into  the  corresponding  nitro-acids ; 
aud  by  ammonia  into  nitro-amide  compounds. 

FouBTH  Class  of  Aldehydes. 
[General  formula  of  the  acid  radicals  in  this  class  of  aide- 

501.  The  hydrides  of  the  alcohol  radicals  and  the  alcohol 
metals  corresponding  to  this  class  of  aldehydes  have  not 
been  isolated,  and  only  one  aldehyde  belonging  to  the 
class  has  been  discovered ;  it  bears,  as  the  student  will 
^ej  the  same  relation  to  the  preceding  class  as  the  allyl 
cks8  does  to  the  vinic  one. 

Hydride  of  cinnamyl  (oil  of  cinnamon),  H,  C»  H7  O. 

51 12.  Essence  of  cinnamon  and  essence  of  cassia  consist 
chiefly  of  this  aldehyde. 

603.  Prcyer^ie*.— It  behaves  with  oxygen,  potash,  and  the 
biiftulphites  like  the  previous  aldehydes.  It  is  oflen  con- 
verted, in  its  decompositions,  into  hydride  of  benzoyl,  and 
the  hydride  of  benzoyl  can  also  be  converted  into  it ;  for 
iBitance,  if  hydride  of  cinnamyl  be  boiled  with  nitric  add, 
hydride  of  benzoyl  is  evolved,  and  benzoic  acid  is  found 
ill  the  solution ;  and  if  hydride  of  benzoyl  be  dissolyed  in 
aldehyde,  and  the  solution  saturated  with  hydrochloric 
tioid  gas,  and  afterwards  distilled,  oil  of  cinnamon  is 
foimd  in  the  distillate ;  hydride  of  cinnamyl  may,  in  fact, 
bi'  regarded  as  hydride  of  benzoyl,  in  which  an  equivalent 
of  hydrogen  has  been  replaced  by  an  equivalent  of  acetyL 
Example :— H,  Ct  H,  (C,  H J  O. 


EBTONES.  267 

Fifth  Class  of  Aldehydes. 
(General  formula  of  the  acid  radicals  in  thi^  class  q/^a/<fe- 

604.  The  hydrides  of  the  alcohol  radicals  and  the 
alcohol  metals  of  this  class  have  not  been  isolated.  The 
aldehydes  of  this  class  differ  only  from  those  in  the  third 
class  m  the  quantity  of  oxygen  they  contain ;  the  relative 
proportion  of  the  carbon  and  hydrogen  is  the  same,  and 
they  increase  also,  like  the  third  class,  in  the  proportion 

ofCHa. 

Hydride  of  salicyl  (salicylous  acid),  H,  C7  He  Os 
Hydride  of  anisyl  -        -        -        -  H,  Cs  H?  O,. 

605.  Preparation. — Salicylous  acid  is  foond  as  the  chief 
ingredient  m  the  essence  of  meadowsweet ;  it  is  separated 
from  the  hydrocarbon  which  accompanies  it  by  treating 
die  cmde  essence  with  solution  of  potash ;  the  acid  com- 
bines with  the  potash,  whUst  the  hydrocarbon  is  distilled ; 
the  potash  compound,  on  being  distilled  with  a  slight 
excess  of  dilute  sulphuric  acid,  yields  the  hydride  pure. 
It  is  also  obtained  by  distilling  one  part  of  salicine,  one 
part  of  bichromate  of  potash,  two  and  a  half  of  oil  of 
vitriol,  and  twenty  of  water,  together.  When  oil  of 
aniseed  is  acted  upon  by  dilute  nitric  acid,  a  reddish  oil 
18  obtained,  consisting  of  a  mixture  of  anisic  acid  and 
hydride  of  anisyl ;  if  the  oil,  after  being  washed  with  a 
weak  solution  01  potash  in  order  to  remove  the  anisic  acid, 
be  cautiously  distilled,  the  hydride  passes  over  pure. 

506.  Properties. — ^The  hydride  of  salicyl  possesses  the 
characters  of  an  acid ;  it  decomposes  the  carbonates  with 
effervescence,  yielding  crystallizable  salts ;  one  or  more 
atoms  of  hydrogen  in  the  radical  of  salicylous  acid  can  be 
replaced  by  chlorine,  bromine,  or  NO,;  the  bodies  pro- 
duced by  these  substitutions  likewise  possess  acid  proper- 
ties, ana  are  capable  of  forming  salts.  One  or  more 
atoms  of  hydrogen  in  the  radical,  anisyl,  can  also  be 
replaced  by  CI,  Br,  or  N  O, ;  but  this  hydride  has  not  been 
80  much  studied  as  salicylous  acid.  Both  aldehydes  com- 
bine with  ammonia  and  with  the  bisulphites. 

(3.)  £btonb8  (Acetones). 

507.  The  constitution  of  these  bodies  is  still,  like  the 
constitution  of  the  aldehydes,  a  matter  of  doubt.    Some 
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cliemists  represent  them  on  the  type  water ;  others  repre- 
sent them  on  the  hydrogen  type.  We  will  formulate 
acetone,  the  best  known  member  of  the  family  of  the 
ketones,  on  both  these  types,  so  as  to  make  the  student 
acquainted  with  the  preirauing  views  on  the  constitution 
of  this  class  of  bodies.    On  the  type  of  water  the  formula 

C  H  ) 
of  acetone  is  n  g;'  (  O.     According  to  this  formula  the 

ketones  are  bodies  in  which  the  atoms  of  hydrogen  in 
water  have  been  all  replaced  by  different  hydrocarbon 
radicals.    On  the  type  of  hydrogen  the  formula  of  acetone 

is  Q  XT '    '    According  to  this  formula,  the  ketones  are 

conjngated  aldehydes,  in  which  the  ecj^nivalent  of  hydrogen 
is  replaced  by  one  of  the  alcohol  radicals. 

508.  Preparation  of  the  ketones. — The  ketones  are  pre- 
pared by  submitting  to  destructive  distillation  a  metallic 
salt,  in  the  anhydrous  state,  of  the  corresponding  acid  of 
the  series.  The  acid  is  decomposed  into  the  ketone  and 
carbonic  acid;  this  latter  body  remains  combined  vrith 
the  metal,  if  it  be  one  of  the  alkaline  metals,  or  a  metal  of 
the  alkaline  earths ;  if  not,  it  is  evolved  aJong  with  the 
ketone.  We  will  give  the  decomposition  which  occurs  when 
acetate  of  lime  is  submitted  to  destructive  distillation,  as 
the  representative  of  the  decompositions  which  the  salts 
of  the  other  acids  of  the  series  undergo. 

609.  As  the  ketones  have  only  been  very  incompletely 
studied,  we  shall  not  describe  their  properties,  but  simply 
give  the  formula  of  a  few  of  them. 

Ketones  corresponding  to  the  first  class  of  alcohol  radicals  j 
and  to  the  first  class  of  aldehydes, 

•Acetone  (aceta-acetone)     -        -    CH„C,H,0 
Propione C,H„C,H»0 

*  Fridel  has  conyerted  acetone,  by  the  direct  addition  of  hydrogen,  into 
propylic  alcohol,  or  an  alcohol  isomeric  with  it;  he  effected  this  conTer> 
non  in  the  same  way  as  Wurtz  efl'ected  the  conyersion  of  aldehyde  into 
alcohol,  viz.,  by  treatinfr  an  aqueous  solution  of  acetone  with  sodium  amal- 
gam.—See  Mepert.  de  Chimie,  vol.  iv.  p.  361. 
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510.  Ketones  corresponding  to  the  alcohol  radicals  of 
the  third  classs,  and  to  the  aldehydes  of  the  third  class. 

Benzophenone  -        -        .        .    OeH,,  CrHsO 

511.  The  acetones  combine,  like  the  aldehydes,  with  the 
alkaline  bisidphites. 

512.  The  acetones  appear  to  combine  with  ammonia, 
like  the  aldehydes,  forming,  like  them,  with  the  ammonia, 
basic  compounds.  As  yet  only  acetone  has  been  submit- 
ted to  this  process. 

2  H,N  =  3  C,H,0  =r  (C,H,er'}  N,  -f  3  H,0  * 

BXSiiCISA. 

133.  "Write  out  the  formulse  for  the  following  substances : 
— ^Propionic  aldehyde,  valeraldehyde,  capnc  aldehyde, 
enanthylic  aldehyde,  butyracetone  (butyrone),  yalerace- 
tone,  pelargonio  aldehyde,  enanthylone. 

Double  Molecule. 

H„  H,. 

Positive  Gboup. 

513.  This  group  embraces — (1)  The  biatomic  metals. 
(2)  The  radicals  of  the  biatomic  alcohols.  (3)  Compounds 
of  metals  with  monatomic  alcohol  radicals. 

(1.)  Htdbides  op  Metals  (Pbimaet  Deeivatives). 
Metals  Pbopeb  (Secoi^daby  Debifatiyes). 

514.  Primary  derivatives, ^^l^o  hydride  of  any  of  the 
metals  is  known  which  is  formed  on  the  double  molecule.f 

515.  Secondary  derivatives. — Palladium,  platinum,  tita- 
nium, and  tin  are  the  principal  biatomic  metals ;  the 
first  two  we  have  noticed  act  sometimes  as  monatomic 
metals,  and  the  last  two  sometimes  act  as  tetratomic 
metals. 

*  The  stadent  must  omit  the  Exercise,  and  the  rest  of  this  chapter,  and 
pass  on  to  Chapter  YIII.,  commenciDg  at  par.  541. 

t  Quite  recently  Wanklyn  and  Carlos  have  obtained  hydride  of  iron, 
which  has  the  foUowinfi;  composition,  Fe,  U,.  They  obtained  it  by  acting 
upou  zinc-ethyl  with  iodide  of  iron ;  thus, — 

Zn,  (C,  H,).  +  Fe,  I,  S3  2  Znl  +  Fe,  H,  +  2  (C,  HJ. 
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(2.)    RADICALS  OF  THE  BlATOUIO  ALCOHOLS. 

(General  formula,  CbH,..) 

516.  Very  different  yiewB  are  taken  of  the  rational 
oonBtitation  of  this  claas  of  hydrocarbons.  Liebig  rernds 
them  as  the  hydrides  of  the  radicals,  C^  Hsn-i*  xhey 
miffht  also  be  regarded  as  the  hydrides  of  tiie  alcohol 
ramcals  of  the  second  class ;  for  instance,  propylene,  C,  H« 
might  be  regarded  as  the  hydride  of  allyl,  H,  Cs  Hs.  But 
it  will  be  seen,  as  we  proceed,  that  there  is  good  reason 
for  viewing  them  as  positire  radicals,  capable  of  replacing, 
and  possessing  the  functions  of,  two  atoms  of  hyarogen ; 
viewed  in  this  light  they  are  diatomic  radicals. 

517.  When  these  bodies  are  submitted  to  the  action  of 
chlorine,  several  chlorine  derivatives  can  be  obtained ;  but 
in  order  to  show  the  student  how  the  constitution  of  these 
bodies  was  unravelled,  we  will  here  direct  his  attention  to 
only  one  of  these  chlorine  compounds  at  present,  and  we 
will  take  one  member  (ethylene,  C1H4)  of  the  group, 
as  less  confusing  to  the  student  than  if  we  were  to  allude 
to  the  entire  groun.  When  equal  volumes  of  ethylene 
and  chlorine  are  aaded  together,  they  combine,  and  give 
rise  to  a  compound  called  Dutch  liquid,  wbidi  may  be 
formulated  thus,  CSH4CI2;  there  has,  therefore,  been  a 
direct  combination  between  the  chlorine  and  the  hydro- 
carbon, unattended  with  any  substitution ;  if  this  com- 
pound be  treated  with  an  alcoholic  solution  of  potash, 
it  parts  with  the  elements  of  hydrochloric  acid ;  it 
was  therefore  inferred  that  the  rational  formula  of  this 
chlorine  compound  was  not  C^K^Ot,  but  C,H,C1,  HCl. 
This  was  the  view  chemists  took  of  the  constitution  of 
Dutch  liquid,  until  M.  Wurtz  proved,  by  the  most  elesant 
and  convincing  experiments,  that  its  correct  formuu  is 
C,H,Cla. 

Constitution  of  Dutch  liquid,  according  to  M»  Wurtz, 

518. — Ist.  If  we  treat  ordinary  vinic  alcohol  with  penta- 
chloride  of  phosphorus,  we  ohtain  chloride  of  ethjl, 
thus : — 

CUoride  of  ethyl 

^'h  }  ^  +  ^^^'  =  PC1,0  -h  HCl  -f  C,H5CL 
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2ncL  If  we  act  upon  this  chloride  ethyl,  or,  more  con- 
venientiy,  upon  the  bromide  or  iodide  of  ethyl,  with  acetate 
of  silver,  we  obtain  acetate  of  ethyl,  thus : — 

Acetate  of  ethjL 

c,H.i+C'50}o=Agi  +  §|;o[o 

3rd.  If  we  treat  acetate  of  ethyl  with  potash,  we  repro- 
duce alcohol,  thus : — 

619.— Ist.  Parallel  reactions  are  produced  if,  in  place  of 
the  rinic  alcohol,  which  is  monatomic,  we  operate  upon 
glycol,  which  is  a  biatomic  alcohoL  Thus,  if  we  act  upon 
fflycol  with  pentachloride  of  phosphorus,  we  obtain  Dutch 
uquid : — 

eijool.  Dutch  liquid. 

^^•^^'[0,  +  2Pa     2PCl,0  +  2Ha  +  C,H,Cl, 

2nd.  If  we  treat  Dutch  liqiiid,  or  the  corresponding 
iodine  or  bromine  compound,  with  acetate  of  silver,  we 
obtain  acetic  glycol  ether  (diacetate  of  glycol),  thus  :— 

Diacetate  of  glycol. 

3rd.  If  we  treat  diacetate  of  glycol  with  potash,  we 
regenerate  the  biatomic  alcohol  glycol,  thus : — 

SS)  j  0.+2(i}  O)  =2 (C.H.0  J  o)  +  (CH.)- J  o. 

520.  From  comparison  of  these  facts,  it  is  proved  that 
Dutch  liquid  is  to  glycol  that  which  chloride  of  ethyl  is  to 
vinic  alcohol ;  ana  that,  by  consequence,  Dutch  liquid  is 
the  ether  chloride  of  glycol,  or  chloride  of  ethylene,  which 
is  the  chemical  name  D^r  which  it  is  now  known. 

621.  The  following  is  a  list  of  the  radicals,  CsHsn> 
which  have  been  produced  from  the  vinic  alcohol  series :— - 
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102** 
131 
122 
257 


Names.  Formalfle.  Boiling  point,  F. 

Methylene        -        -        - 
Olefiant  gas  (ethylene) 
Tritylene  (propylene) 
Oil  gas  (tetiylene,  butylene) 
Amylene  •        -        -         - 
Hfxylene  (caproylene) 
Ht^ptrlene  (senanthylene)  - 
Octylene  (caprylene) 
Nonylene  (elkene)     -        - 

l^aramylene      -        -        -     Cw  H»        „  320 

Cetylene  -        -        -        -     C„  H„        „  527 

622.  Preparation  of  these  hydrocarbons. — These  bodies 
are  produced  by  the  action  of  an  excess  of  concentrated 
sulphuric  acid,  or  chloride  of  zinc,  or  other  bodies  which 
liaye  a  strong  affinity  for  water,  on  the  corresponding 
alcohols  (alcohols  of  the  vinic  series)  at  a  high  tempe- 
rature ;  the  alcohols  become  converted,  by  the  aostraction 
of  the  elements  of  water,  into  these  hydrocarbons,  thus  : — 

Vinio  alcohol.  Ethylene. 


C    H, 

aas 

C,  H, 

» 

C,  H, 

«> 

C.  H. 

»» 

C«  Hio 

Liquid 

C«  Hu 

»> 

Ct     Hi4 

t$ 

G.   Hie 

f> 

C»  Hi8 

»i 

Cio  Hio 

» 

Ci«  Hw 

ft 

Hl0-g}0  =  C.H, 


523.  These  hydrocarbons  are  also  formed  along  with  the 
alcohol  radicals  when  the  iodides  of  the  alcohol  radicals 
are  acted  upon  by  zinc  (195).  These  hydrocarbons  are 
also  formed  in  tne  destructive  distillation  of  organic 
substances ;  several  of  them  being  found  among  the  pro- 
tlucts  of  the  distillation  of  coal. 

524.  In  some  cases  the  hydrocarbon.  On  H,nf  which  is 
obtained,  appears  to  be  coupled,  for  it  has  a  vapour-density 
double  of  tnat  which  it  ought  to  possess.  For  example, 
the  vapour  of  the  hydrocarbon  obtained  in  distilling 

amyHc  alcohol,  ^»  g"  |  O,  with  ^^^'^^  \  0„  has  a  density 

exactly  double  of  that  obtained  by  distilling  the  same 
alcohol  with  chloride  of  zinc ;  therefore,  if  the  equivalent 
of  the  latter  be  represented  by  C^  H^,  the  equivalent  of 
ihe  hydrocarbon  obtained  by  the  action  of  sulphuric  acid 
must  be  Cio  H» '-  the  hydrocarbon  in  this  case  has  there- 
fore suffered  condensation,  and  has  been  converted  into 
the  polymeric  paramylene. 
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625.  Properties, — These  bodies  combine  readily  with 
sulphuric  anhydride,  and  with  pentachloride  of  antimony. 
They  are  also  absorbed  by  oil  of  vitriol,  and  the  solution, 
when  diluted  with  water  and  distilled,  yields  the  corre- 
sponding monatomic  alcohol  in  the  yinic  series.  They 
also  combine,  as  we  haye  already  noticed,  with  two 
equiyalents  of  chlorine,  bromine,  or  iodine,  forming  com- 
pounds, the  best  known  of  which  is  Dutch  liquid.  They 
are  especially  distinguished  by  this  property  of  combining 
with  two  equivalents  of  these  metalloids.  The  property 
of  being  dissolved  by  sulphuric  acid,  and  of  forming  liquid 
compoimds  with  chlorine  and  bromine,  is  made  available 
for  separating  olefiant  gas,  and  the  other  more  volatile 
hydrocarbons  of  the  series,  from  other  gaseous  bodies  (see 
exercise  92,  page  73).  If,  after  these  chlorine  compounds, 
Cb  Hfa  +  CI3,  have  been  obtained,  we  continue  to  act  upon 
the  body  with  chlorine,  we  can  finally  remove  all  the 
hydrogen,  replacing  it  by  chlorine.  Olenant  gas  is  distin- 
guished from  the  other  gaseous  members  of  the  group  by 
solidifying  into  a  solid  crystalline  mass  on  being  exposed 
to  a  freezing  mixture. 

626.  The  hydrides  of  the  alcohol  radicals.  On  Hsn  +  u 
and  also  the 'hydrides  of  the  other  alcohol  radicals,  are 
capable  of  furmshing,  by  the  fixation  of  one  ecjuivalent  of 
oxygen,  a  corresponding  series  of  monatonuc  alcohols. 
These  hydrocarbons,  wmch  we  have  represented  by  the 
formula  Ca  H«n,  also  furnish,  by  the  fixation  of  one  atom  of 
oxygen,  a  corresponding  series  of  monatomic  alcohols. 
Bat  these  hydrocarbons  of  the  formula  0^  Hsn  furnish,  by 
the  fixation  of  one  atom  of  water,  another  series  of  mon- 
atomic alcohols.  This  Ration  of  water  has  not  yet  been 
accomplished  with  the  marsh  gas  series.  Olefiant  gas  and 
its  homologues  furnish  these  two  series  of  monatomic 
idoohols,  whilst  marsh  gas  and  its  homologues  have  only 
yet  furnished  one  series,  thus  i-^ 

Mabsh  Gas  Sbbibs.  Olbfiai^t  Gas  Sbbibs. 

Sj^  the  fixation  of  one  equivalent  qf  oxygen. 
Hydride  of  methyl.        ^eth^o  p^pyjene.  ^J^Sl. 

H,CH, +0=  ^2»<0  I    C,H.+ 0  =  ^*J«j0 
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Mabsh  Gas  Sbbibs.  Olbfiant  Gas  Sbbibs. 

By  the  fixation  of  one  equivalent  qf  oxygen, 
Hydride  of  ethjL    Tinie  aloohoL 

H,C.H.+  0  =  ^'g'jO 

Hydrides  of  the  q  tt 
radicals,  ■    •*"' 

Tolaole.  Benioyl-«]ieohoL 

H,CTH,  +  0  =  CTHr>o 

By  the  fixation  of  one  atom  qf  water. 

OlflAant  fM.       Time  aleolMd. 

H  s^ 

PWpylie  aloohoL 

527.  The  fixation  of  the  one  eqniralent  of  oxygen  caBDot 
yet  be  effected  directly,  but  is  accomplished  by  a  series 
of  substitution  j^rooesses.  The  fixation  of  water  by 
olefiant  eas  and  its  homologues  is  accomplished  by  ab- 
sorbing tiiem  by  sulphuric  acid,  adding  water  and  then 
distilling. 

628.  These  hydrocarbons,  C.  Htm  are  striking  examples 
that  the  same  body  can  haye  more  than  one  rational 
formula ;  we  have  already  noticed  that  they  can  be  looked 
upon  as  the  hydrides  of  the  aldehyde  radicals,  if  we  repre- 
sent the  aldehydes  on  the  water  type.  As  they  belutre 
in  eyery  respect  like  the  marsh  gas  series  with  oxygen, 
giying  rise  to  alcohols  of  the  allylic  series,  they  may  be 
Jboked  upon  as  the  hydridies  of  the  alcohol  radicals  of  tbis 
series  of  alcohols.  By  their  conversion  into  the  yinic  series 
of  alcohols  by  the  fixation  of  water  they  play  the  part  of 
monatomic  hydrocarbons  of  the  general  formula  0^  ^»v 
And,  lastly,  they  play  the  part  of  diatomic  radicals  in  the 
diatomic  alcohols.* 

*  The  ohemioal  atom  of  these  bodies  oooupies  two  Thames,  and  it  is  abo 
evident,  from  many  of  their  ehemical  reactions,  as,  for  instanoe,  their  u  '  ' 
directly  with  ohlorine,  &c.,  that  their  atoms  in  the  free  state  are  not  i 
in  pairs.    See  foot-note,  p.  232. 
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(3.)  Compounds  of  Mbtals  with  Mokatomic  Eadicals. 

629.  We  have  already  yerv  frequently  pressed  on  the 
attention  of  the  student  that  tne  foimulas  of  oodles,  accord- 
ing to  the  new  views,  are  regulated  bv  their  vapour- 
densities  ;  it  is  assumed  that  the  molecules  of  all  bodies 
occupy  two  volumes  in  the  gaseous  state.  Now,  all  the 
volatile  compounds  of  metals  with  themonatomic  radicals, 
contain  an  even  number  of  equivalents  of  metal  in  two 
volumes  of  vapour,  with  the  exception  of  those  in  which 
biatomic  metals  occur.  Therefore,  the  formulsB  of  zinc- 
ethyl,  zinc-methyl,  mercury-methyl,  mercury-ethyl,  cannot 
be  Ui  HsZn,  &c.,  as  these  formules  only  correspond  to  one 
volume  of  vapour,  but  they  must  be  the  double  of  that, 
thus: — 

Zino-methyL  Zmo-etiqrL  Meronrj-methyl.     Iferonry-ethyl. 

ciif^""  ciSih""  ch:!^8«'  c'J:\^«^ 

630.  Now,  if  we  contrast  the  two-volume  formulie  of 
the  hydrides  and  oxides  of  these  alcohol  radicals,  we  shall 
see  that  the  metals  which  have  hitherto  been  considered 
as  the  strict  representatives  of  hydrogen,  do  not,  as 
regards  their  state  of  condensation  in  these  organo- 
metallic  bodies,  represent  hydrogen;  mercury  and  zinc 
represent  oxygen. 

Hydride  of  znethyL     Hydride  of  «tbyL       Methyl-ether.       Bthyl-ether. 

H,CH.  H,C.H.  gH,jo     C.H.|o 

631.  Nor  is  this  difference  between  the  condensation  of 
hydrogen  and  the  metals  confined  to  organic  compoimds. 
IleviUe  and  others  have  recently  taken  t£evaoour- density 
of  various  metallic  chlorides,  and  have  founa  that  these 
likewise  are  present  in  a  more  condensed  form  than  their 
hydrogen  representative.  Whereas  tbe  formula  of  hydro- 
chloric acid  is  ni  I"  >  the  formula  of  an  equal  volume  of 

netallic  choride  is  q^  |  ^'  cLS  *^' 

632.  From  these  considerations,  Wanklyn  and  Wurtz 
have  suggested  that  the  equivalents  of  zinc,  mercury,  tin, 
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should  be  doubled ;  the  equivalents  of  these  bodies  would 
then  become  Zq=66;  Hg  =  200;  Sn  =  118* 

We  have  already  noticed  (198  and  208)  the  way  these 
compounds  of  metals  and  organic  radicals  are  prepared.f 

Nbgativb  Geoup. 
Biatomic  non-metallic  elements. 
O'  I  O' ;         S'  I  S' ;  Se'  j  Se';      Te'  |  Te*. 

533.  The  hydrogen  compounds  of  these  biatomic  non- 
metallic  elements  are  constructed  on  the  type  of  water, 
and  they  are,  therefore,  noticed  under  that  ^pe. 

Aldehydes  of  the  hibasic  mineral  acids, 

Hydrosulphuric  acid,  or  aldehyde  of  hyposul- 

pburous  acid    -  -  -  -  -  Hj  S 

Hydroselenic  acid,   or  aldehyde  of  hyposele- 

nious  acid        -  -  -  -  -  H,  Se 

Aldehyde  of  sulphurous  acid  (not  yet  discovered)  H,  S  O 

Aldehyde  of  sulphuric  acid  (not  yet  discovered)  H,  S  Oa 

Tbeblb  Moleculb. 

PosinvB  Gboup. 

Htdbidbs  of  Metals  (Pbimaby  Debit attves). 

Metals  Pbopbb  (Secondabt  Debiyatiybs). 

534.  Primary  derivatives. — The  hydrides  of  arsenic  and 
antimony  are  constructed  on  the  type  ammonia,  uid 
therefore  they  are  considered  under  that  type. 

535.  Secondary  derivatives. — Several  metals  can  replace 
hydrogen  by  interchange  of  one  atom  of  metal  for  three 
atoms  of  hydrogen ;  these  metals  are  principally  arsenic, 
antimony,  bismuth,  molybdenum,  vanadium,  tungsten, 

*  Bee  Appendix  B,  page  279. 

t  Than  and  Wanklyn  have  attempted,  but  hitherto  without  saoeets, 
to  form  combinationB  of  the  metals  witn  the  biatomic  radicals  of  the  olefiant 
gas  series.  When  they  acted  upon  iodide  of  ethylene  with  sine  and  other 
metals,  an  iodide  of  the  metal  was  formed,  and  olefiant  gas  eroWed.  The 
student  is  referred,  for  farther  information,  to  their  paper  in  the  QiMtrierU/ 
JaunuU  qftke  Chemical  Soeietg,  toI.  ziL  page  268. 
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and  gold ;  gold  is  the  only  metal  of  this  group  which  is 
known  to  act  sometimes  as  a  monatomic  metal.  Arsenic, 
antimony,  and  bismuth  will  be  noticed  again  under  the 
negative  group,  and  the  others,  with  the  exception  of  gold, 
on  account  of  their  rarity  may  be  disregarded.  The  sym- 
bol for  the  molecule  or  gold  constructed  on  the  treble 
lype  will  be  Au'",  Au'". 

636.  Many  metals  can  replace  hydrogen  by  interchange 
of  two  atoms  of  metal  for  three  atoms  of  hydrogen ;  "  the 
prindpal  metals  which  hare  this  property  are  aluminum, 
cerium,  uranium,  chromium,  iron,  manganese,  nickel,  and 
cobalt,  in  which  last  two,  however,  the  tendency  is  but 
alight.  Aluminum  alone  is  not  known  to  replace  hydro- 
gen in  any  other  than  the  above  proportion.  The  other 
metals  form  proto,  as  well  as  sesqui-compounds.  It  is 
aometimes  convenient  to  replace  the  double  atom  of  metal 
in  aesaui-compounds,  by  doubling  one  of  the  letters  of  its 
symbol,  thus: — ^All,  Ffe,  Mmn,  Uu,  Ccr,  &c.,  instead  of  Al,, 
Fe„  Mn,,  U,,  Ce,,  &c.  The  property  which  these  double 
or  twin  atoms  have  of  replacing  three  atoms  of  hydrogen, 
may  then  be  conyeniently  indicated  by  the  use  of  three 
dashes  placed  to  the  right  of  the  symbols,  thus : — Ffe'", 
All'",  &c."  The  symbol  of  the  molecule  would  then  be 
thus  expressed : — 

Ffe'",  Ffe'";  All-*,  All'" ;  Ccr'",  Ccr"'. 

OoMPOtTKBS    OF  T&IATOMIO    MeTALS   WITH    MoNATOUIO 

Eabicals. 

537.  Aluminum  treated  with  iodide  of  ethyl  or  iodide 
of  methyl  yields,  at  temperatures  from  KXr  to  130°  C, 
double  compounds,  alummum-ethyl  and  iodide  of  ethyl, 
0^  aluminum-methyl  and  iodide  of  methyl ;  the  organo-. 
fJuminum  bodies  have  not  yet  been  obtained  with  certainty 
free  from  iodide  of  alummum.  The  following  are  the 
reactions : — 

f  Q    XT 

S  (C. H„  I)  +  Al.  =  (AU"  \C,JI,  +  AU",  I.) 


8  (C  H„  I)  +  Al.  =  (AU-  ^  C  H,  +  AU"  I,). 


CC,H, 
(CH, 
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Negative  Geoup. 

Htdsidbs  op  Negatite  oe  Acid  Metals  (Pbiuaet 
Derivatives).    Second abt  Derivatives. 

638.  Primaty  derivatives. — ^Arsenic,  antimony,  plios- 
phorofi,  and  Ditrogen  form  terbydrides,  which  distin^aisbee 
them  from  all  other  elements;  bismuth,  which  is,  like 
ftraenic,  &G.,  a  triatomic  element,  does  not  appear  to  form 
a  hydride,  but  it  forms,  like  the  other  triatomic  elements, 
a  terchloride.  The  following  are  the  hydrides  of  this 
group, — ammonia,  which  is  one  of  the  nydrides,  is  • 
typical  body,  and  the  other  three  hydrides  are  considered 
to  De  formed  on  the  ammonia  type ;  they  will,  therefore, 
all  be  considered  under  the  type  ammonia.  The  foUow- 
mg  are  the  symbols  for  these  molecules : — 

H„  N";  H„  F';  H3,  As";  H,Sb". 

639.  The  combinations  of  the  organic  radicals  with 
nitroeen,  phosphorus,  arsenic,  and  antimony  will  also  be 
coDiidered  imder  the  ammonia  type. 

QUADBUPLE  MOLBCITLE. 

Hi,  H4. 

540.  The  members  of  the  silicon  group  (pp.  165  and 
168)  are  tetratomic  bodies ;  two  of  them,  tin  and  titanium, 
Eometimes  act,  as  we  have  noticed,  as  biatomic  elements ; 
corbon  and  silicon  form  hydrides ;  marsh  gas,  which  we 
hti,yo  previously  placed  amongst  the  hydrides  of  the  alcohol 
radicals  as  the  hydride  of  methyl,  may  also  be  formulated 
on  the  quadruple  molecule  thus,  H4  C.  The  composition 
of  filicide  of  hvdrogen  has  not  been  ascertained ;  but  it  is 
olitained  by  tne  action  of  hydrochloric  acid  on  silicide  of 
ma^esium,  and  as  the  composition  of  this  silicide  is 
Mg^Si,  we  may  infer  that  tne  hydrogen  compound  is 
iU  Si. 


APPENDIX  A. 


Homologous  bodies, — The  term  homologous,  which  was 
first  employed  by  Q-erhardt,  is  applied  to  a  series  of  ana- 
logous substances  which  fulfil  the  same  chemical  functions. 


^ 
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follow  the  same  laws  of  metamorpLosis,  and  eontain  in 
their  molecule  « times  C  H,,  more  or  less.  The  decompo* 
sition  prodacts  of  homologous  bodies,  when  these  homes 
are  decomposed  by  the  same  agents  and  under  the  same 
eircumstanees,  are  also  homologous. 

liologous  bodies. — Bodies  are  termed  isologous  when 
they  belong  to  different  ^rroups  of  the  same  class  of  bodies. 
Booies,  although  allied  m  properties,  are  placed  in  differ- 
ent groups  of  the  same  class,  if  they  diner  in  chemical 
composition.  For  example,  the  student  will  find  that 
there  are  different  groups  of  hydrides  of  alcohol  radicals — 
different  groups  of  alcohols ;  the  members  of  the  same 
group  are  nomologous — the  members  of  different  groups 
of  the  same  class  of  bodies  are  isologous.    Example  : — 

Methylio  alcohol  is  an  homolojg^e  of  yinic  alcohol,  for 
they  differ  n  times  OHs  in  their  composition,  and  one 
general  formula  will  express  the  composition  of  both 
bodies,  thus : — 

ICethyUo  aloohoL  Yinic  alcohol.  C^neral  formnlA. 

H  f  ^  H  f  ^  H         f  ^• 

But  benzoic  alcohol  is  not  an  homologue,  but  an  iso- 
logue.  It  belong  to  a  different,  not  to  the  same,  group 
ofalcohols  to  which  vinic  and  methylic  alcohol  belong,  for 
it  does  not  differ  n  times  0  H,  in  its  composition,  ana  one 
general  formula  could  not  express  the  composition  of  these 
different  alcohols. 

Beuoio  aloohol.  General  form^a  for  the  alcohols 

•  belonging  to  the  bensoic  group. 

HJ^  H       S^ 


APPENDIX  B. 

We  shall  here  gire  a  further  quotation  from  Dr.  Wolcott 
Gibbs's  excellent  paper  on  the  atomic  weights  of  the  ele- 
ments :— 

If  we  admit  that  the  molecules  of  aU  substances 
occupy  two  Tolumes  in  the  gaseous  state,  and  if  the  rea- 
soning which  has  led  chemists  to  double  the  old  atomic 
weights  of  carbon,  oxygen,  sulphur,  See.,  be  correct,  it 
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follows  tliat  tlie  atomic  weights  of  the  greater  number  of 
the  elements  must  be  doubled.    For  we  find, — 

1.  That  nearly  all  volatile  inorganio  oxides,  chlorides, 
oxYchlorides,  &c.,  contain,  in  two  volumes  of  vapour 
(H  =  1),  two  or  four  received  equivalents  of  metal  or 
radical.  Thus  the  compounds  whose  formulae  are  now 
usually  written  Si  Cl„  Ti  Cl„  Z  CI,.  Sn  Cl„  Hg  CI,  Hg,  CU 
HgBr.  Hg,Br.  Fe,Cl„  A1,C1„  A1,I„  Al,Br,,  CrO.Cl, 
must  be  written  Si.CU,  Ti,Cl4,  Z.CL,  Sn,CL  Hg,Cl., 
Hg^Cl,.  Hg.Br„  Hg,!,.  Fe.CU.  MCU,  Al,!^  Al,Br«. 
CrsOiCl,.  in  order  to  correspond  to  two  volumes  of 
vapour. 

2.  All  volatile  metals  and  metallic  oxides  contain  two  or 
four  received  equivalents  in  two  volumes  of  vapour.  Thus 
the  vapour-densities  of  mercurv  and  cadmium  represent 
the  molecular  weights.  Hg„  Cfd,.  Arsenious  and  osmic 
acids  correspond,  m  the  form  of  vapour,  to  the  formuks 
As,  Of  and  Os,  Os. 

3.  All  volatile  compounds  of  metals  with  organic  radicals 
contain  an  even  number  of  equivalents  of  metal  in  two 
volumes  of  vapour,  excepting  only  those  in  which  triatomio 
metals  occur.  Thus  we  nave,  corresponding  to  two 
volumes  of  vapour,  the  formula, — 

gglfZn.    clHlf^"^'    (C.H.),Sn,    (C,H:.),Sn. 

4.  The  volatile  compounds  of  the  triatomic  radicals, 
nitrogen,  arsenic,  antimony,  bismuth,  and  boron,  contain 
in  two  volumes  of  vapour  only  one  received  atomic  weight 
of  the  radical.    Thus  we  have  the  compounds : — 

NH..  PCI.,  AsCl,,  SbCL  BiCl,.  BC1„  P(C4H.)„ 
As  (C4  H.)„  Sb  (C,  H.)„  B  (C4  H.)„  B  0„  3  C*  H.  O,  &c.,  Ac. 

To  this  there  are  exceptions.  Thus  we  have,  corre- 
sponding to  two  volumes,  the  formulae, — 

^'  ^•'  (C,  H,),  1  ^»'  (C,  H.),  \  ^»  ^^  (C,H.),  1  ^^  ^»- 
6.  The  specific  heats  of  the  atoms  of  nearly  all  the 


1 
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elements  are  equal,  if  the  molecule  is  in  eacli  case  referred 
to  2  volumes  of  vapour.* 

If,  now,  we  consider  it  proved,  from  the  above  con- 
siderations, that  the  molecular  weights  of  carbon,  silicon, 
tin,  titanium,  and  zirconium,  correspond  in  the  gaseous 
form  to  two  volumes,  and  that  liiese  elements  are  tetra- 
tomic,  it  follows  from  analogy  that  certain  other  elements 
are  also  tetratomic,  and  we  have  the  group, — 


Carbon 

-    12 

1-68 

Lead    . 

.  208 

6-52 

Silicon 

.    28 

— 

Palladium 

-  108 

6-40 

Zirconium 

-    44 



Ehodium 

-  102 

5-62 

Titanium 

.    48 

_- 

Euthenium 

-  106 



Niobium 

-     96 

— 

Platinum 

.  198 

6-40 

•Tantalum 

-  136 

— 

Iridium 

-  196 

7-00 

Tin       - 

-  116 

6-62 

Osmium 

.  194 

5-92 

The  first  column  of  numbers  giving  the  atomic  weights ; 
the  second  the  atomic  heats,  or  the  products  of  the  atomic 
weights  into  the  specific  heats.  It  is  possible  that  thorium 
belongs  to  the  tetratomic  group,  as  thoria  appears  to  be 
JBomorphous  with  stannic  acid,  Suj  O4.  Lead  is  placed  in 
this  group  from  the  analogy  of  the  compounds  which  it 
forms  with  ethyl,  methyl,  &c.,  to  stan-methyl,  &g.  It 
appears,  however,  like  tin,  palladium,  ruthenium,  platinum, 
rnodium,  iridium,  and  osmium,  to  be  also  diatomic ;  the 
so-called  protoxides  having  the  formula  Pb^Oi,  SuiOs, 
&c  For  similar  reasons  we  admit  the  existence  of  six 
triatomic  elements,  namely :— 


Nitrogen 
Phosphorus 

.  14 

— 

Antimony 

.  120 

611 

.  31 

6-85 

Bismuth 

-  2O0 

6-41 

Arsenic 

.  76 

610 

Boron  - 

.    11 

— 

The  diatomic  elements,  according  to  the  reasoning 
above  mentioned,  will  be  thirty  in  number,  and  may  be 
arranged  in  natural  families,  as  follows  : — 


Oxveen 
Sulphur 
Selenium 
Tellurium 


Magnesium  -  24 
Calcium  -  40 
Strontium  -  88 
Barium         -  136 


*  The  only  exception  to  ibis  law  oocun  in  the  case  of  carbon,  and  cannot 
at  present  be  explained. 


JLPPBKDIZ. 


Cenuni 

92 



Chromium 

-    52 

— 

Lanthanum  - 

94 

— 

Aluminum 

-    27-5 

5-88 

Didymium    - 

96 

..^ 

Zinc     - 

.    65- 

6-24 

Yttrium       . 





Cadmium 

.  112 

636 

Erbium 

— 



Copper 

.    68 

604 

Terbium 

— 

_ 

Uranium 

-  120 

-» 

Glucinum     - 

10 

..^ 

Mercury 

-  200 

6-40 

Thorium  (?)  - 

118 

— 

— 

Iron     - 

56 

6-38 

Molybdenum    96 

6-91 

Manganese  - 

54 

— 

Timgsten 

-  184 

667 

Cobalt  - 

60 

6-42 

Vanadium 

-  138 



Nickel 

58 

6-28 

This  classification  into  natural  families  appears  to  xne 
to  represent  the  present  state  of  our  knowledge,  though 
the  position  of  several  elements  must  be  regarded  as 
doubtful.*  The  monatomic  elements  are  only  ten  in 
number.    They  may  be  arranged  in  three  groups : — 

Chlorine,  35*5   —  Hydrogen,    1    —     Silver,  108  6-16 

Bromine,  80    674  Lithium        7    —    Gold,    197  6*38 

Iodine,    127    6*88  Sodium,      23  6*71 

Fluorine,  19      —  Potassium,  39  660 

It  is,  however,  to  be  remarked,  that,  of  the  other 
elements,  at  least  two-^namely ,  copper  and  mercury^-are 
monatomic  in  certain  combinations,  as,  for  example,  in 
Cu,Cl  and  HgsCl.  It  is  true  that  we  may  write  these 
formulae  Cu4  Cl„  and  Hg4  Cls,  in  which  case  we  have  two 
additional  diatomic  forms  of  copper  and  mercury,  with  the 
atomic  weights  126  and  400  respectively.  This  mode  of 
viewing  the  subject  obliges  us  to  admit  atomic  heats, 
represented  nearly  by  the  number  12,  or  twice  as  high  as 
in  the  case  of  the  other  elements,  and  appears,  tiierefore, 
less  simple  than  that  first  stated. 

In  like  manner,  all  the  elements  belonging  to  the  tetrato- 
mic  group  which  form  protoxides,  &c.,  may  oe  regarded  as 
tetratomic  and  diatomic ;  this  will  add  at  least  eight  to 
the  number  of  diatomic  elements.  Finally,  in  the  sesqui- 
oxides,  and  similar  compounds,  two  received  atoms  of 


*  There  is  reaaon  to  believe  that  yanttdinm  belongs,  witli  boron,  to  the 
nitrogen  group. 
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iron,  manganese,  ohrominm,  alnminnm,  &c.,  must  be 
regarded  as  forming  a  single  triatomic  atom.  Limpricht 
and  Frankland  admit  the  existence  of  pentatomic  elements, 
indnding  the  nitrogen  group  in  this  class ;  but  this  view 
ia  not  generally  adopted,  and  in  the  present  state  of  our 
Imowleage,  a  primary  division  of  the  60  elements  into 
four  classes,  the  monatomic,  diatomic,  triatomio>  and 
tetratomic  elements,  appears  to  be  sufficient. 

From  the  above  it  appears  that  of  the  sixty  elements 
now  known  to  chemists,  the  received  atomic  weights  of 
fifty  at  least  must  be  doubled,  if  we  admit  the  correctness 
of  the  reasoning  which  has  led  many  chemists  at  the 
present  day  to  double  the  atomic  weights  of  carbon, 
oxygen,  and  sulphur.  Wanklyn  and  Wurtz  have  already 
suggested  the  propriety  of  doubhng  the  equivalents  of 
sine  and  tin,  and,  by  analogy,  of  several  other  metals, 
while  Cannizzaro  has  adduced  the  specific  heats  of  the 
atoms,  with  other  arguments,  in  favour  of  the  same  change. 
Wnrtz  compares  oxide  of  zinc,  Zn,  Os,  with  oxide  of  ethy- 
lene (C4  H J  Os ;  the  hydrate  of  oxide  of  zinc  will  tiien 

correspond  to  glycol,  j^*  |  O4.    In  the  same  way  we  may 

consider  hydrate  of  sesquioxide  of  iron  as  corresponding 

toglycerine,|p,  j  q^^  cCg.  j  o„Fe.being  here  triatomic. 

Should  the  further  progress  of  the  science  show  that 
the  views  above  mentioned  are  the  most  simple  and  con- 
sistent expression  of  aU  these  facts,  it  will  be  desirable  to 
return  to  the  notation  of  Berzelius  slightly  modified,  that 
is  to  say,  it  will  be  better  to  halve  the  atomic  weights  of 
hydrogen,  and  the  other  monatomio  and  triatomic  elements, 
and  denote  the  atomic  weights  of  carbon,  oxygen,  snlphur, 
zinc,  Ac.,  by  the  numbers  6,  8,  16,  32, 6,  &c.,  respectively. 
In  this  manner,  while  the  formul»  are  written  with  pre- 
cisely the  notation  of  the  new  school,  the  numbers  actually 
employed  in  the  great  majority  of  calculations  will  be 
those  which  have  been  sanctioned  bjr  longest  usage,  and 
which  are  most  convenient  for  practical  purposes.  The 
atomic  weights  of  hydrogen,  chlorine,  potassium,  and  the 
otiher  monatomic  elements,  will  be  in  each  case  one-half  of 
the  old  equivalent,  while  the  molecular  weights  will  cor- 
respond with  the  old  equivalents.    Thus  we  shall  have,— 
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Hydrogen   -      J  1 

Cyorine      -    17-75    35-5 


Oxygen      - 

8      16 

Carbon 

6      12 

Zinc 

32-6   65 

Iron 

28      56 

Ac.    &c. 

&c. 

Bromine  -  40  80 
Potassium  •  19*5  39 
Nitrogen     -      7         14 

In  which  table  the  first  column  gives  the  atomic,  and 
the  second  the  molecular  weights. 
The  formula  of  water  thus  becomes  H,  O,  and  its  atomic 

weight  9 ;  caustic  potash  is  ;q  i  O,  and  its  atomic  weight 

28;  oxide  of  zinc  will  be  ZnO,  and  its  atomic  weight 
40*5 ;  chlorhydric  acid  will  be  H  01,  and  its  atomic  weight 
18-26.  The  dashed  symbols  »,  -Gt,  it,  &c.,  &c.,  may 
also  be  employed  as  in  the  Berzelian  notation,  and  would 
in  many  cases  be  extremely  convenient. 

All  the  typical  formulse  now  so  generally  employed  will 
be  written  as  at  present,  the  actual  weights  only  being 
changed.  The  general  acceptance  of  the  views  of  the  new 
school  would  be  greatly  facilitated  by  the  adoption  of  the 
system  of  atomic  weights  here  proposed.* 


CHAPTEE  Vin. 

WA.TSB  TTPB. 


641.  The  substances  treated  under  the  simple  and 
complex  molecules  are  subdivided  into  two  groups, — the 
positive  and  negative. 

SlUPLB  MOLBCULB. 

Hi 


POSITIVB  GboUP. 

642.  This  group  embraces — (1)  the  metallic  derivatives 
of  water ;  (2)  the  basic  derivatives  of  ammonia,  constructed 
on  the  water  type ;  (3)  the  alcohols  and  ethers. 
(1.)  Htdbjltbs  of  thb  Mbtals  Pbopbb  (Pbihaby  Dbbfta- 
TiVBs).  Anhyd  sous  OXIDES  (Sbcondabt  Dbbitativbs). 

*  American  Journal  <f  Science  and  Art,  toL  tttj.  Ko.  82. 
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643.  Primary  derivaiiveg.  When  one-half  the  hydrogen 
in  water  is  replaced  by  a  i)08itiTe  metal,  the  hydrated 
base  or  the  primary  derivative  is  produced.  The  semi- 
atomic  metals  replace  the  hydrogen  of  the  water  in  the  pro- 
portion of  two  equivsdents  of  the  metal  for  every  one  of 
hydrogen ;  the  hydrates  of  these  semiatomic  metals  are 
formed  on  the  type  of  a  single  molecule  of  water ;  their 

general  formula  is  therefore  'tt  |  O. 

644.  All  those  metals  which  we  have  ^ven,  under  the 
simple  molecule  of  hydrogen,  as  monatomic,  form  hydrates 
on  the  type  of  a  sinde  molecule  of  water  $  their  general 

formula  is  therefore  -rr  |  O. 

645.  Secondary  derivattpes. — ^When  all  the  hydrogen  in 
water  is  replaced  bv  a  metal,  then  we  get  the  anhydrous 
oxides  of  the  metals,  or  the  secondary  derivatives.  The 
general  formula  of  the  anhydrous  oxides  of  the  semi- 

M.) 
atomic  metals  is  'M,^  O,  and  the  general  formula  of  the 

'  .    M ) 

anhydrous  oxides  of  the  monatomic  metals  is  -w-  [  O,  as 

the  dinoxides  and  the  protoxides  are  each  formed  on  the 
type  of  a  single  molecule  of  water. 

646.  The  sulphides,  the  selenides,  said  tellurides,  are 
constructed  on  the  water  type,  in  which  the  oxygen  is 
replaced  by  sulphur,  selenium,  and  tellurium ;  the  formula 

of  sulphide  of  hydrogen  is  therefore  -a  |  S,  the  general 
formula  of  the  primary  derivatives,  or  hydro-sulphurets,  on 
the  simple  molecule,  is  tt  |  S,  and  the  sulphides,  or  secon- 
dary derivatives,  is  ])^  |  S. 


BXEBCISE. 

134.  Write  out  the  formula  for  hydrate  of  strontium, 
■br  the  protoxide  of  barixmi,  for  the  hydrosulphuret  of 
K>tassium,  for  the  dinoxide  of  mercury,  for  the  selenide  of 
sodium,  for  the  telluride  of  calcium,  for  the  sulphide  of 
lodium. 
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(2.)  Basic  Dbbiyatiybs  of  Akmonia,  conbtbucted  oh 
THE  Wateb  Type  * 

647.  Ammonia  (N  Ht),  when  dissolyed  in  water,  is  sap- 
posed  to  combine  with  an  atom  of  water,  and  to  become 
conyerted  by  this  combination  into  a  body  constructed  on 
the  water  type,  in  which  one-half  of  the  typical  hydrogeix 
has  been  replaced  by  an  hypothetical  compound,  cafied 

ammonium;  example,      u  I  O.    (See  pars.  898  to  408.) 

The  primary,  secondary,  and  tertiary  amides  are  also  siup- 
posed  to  combine,  when  dissolyed  in  water,  with  an  atom 
of  that  body,  and  to  become  conyerted  by  the  combina- 
tion into  bodies  constructed  on  the  water  type,  in  which 
one-half  the  typical  hydrogen  is  replaced  oy  complex 
ammoniums.    Examples : — 

Hrdrated  oxide  Hjdnted  oxide  Hjdntod  oxide 

of  etbyl-ammonium.        ofdiethyUammonium.       of  toiethyl-ammouiiiB. 

(C.H.)H,N|(j       (C.H.),H,N|q      (C,H,).HN|q 

548.  As  the  ammonia  escapes,  like  hydrochloric  acid 
gas,  from  its  aqueous  solution  at  common  temperatures,  a 
solution  of  ammonia  in  water  would  appear  to  be,  like 
a  solution  of  hydrochloric  acid  ^as  m  water,  merely 
a  mechanical  solution,  no  oombmation  taking  plaoe* 
especially  as  its  odour  and  other  properties  are  unafieoted 
by  the  solution;  and  that  it  cannot,  therefore,  beoome 
changed  by  its  solution  ioto  a  body  constructed  on 
another  type.  The  same  objections  might  be  urged 
against  the  assumption  that  the  primary,  secondary,  and 
tertiary  monamines  become  changed  into  bodies  fonned 
on  the  water  type  when  they  are  dissolyed  in  water,  as 
the  yolatility,  &c.,  of  theee  monamines  are  little,  if  at  all, 
affected  by  their  solution  in  water.  But  these  doubts 
cannot  be  extended  to  the  tetra-comnound-ammoniums, 
as  in  these  bodies  the  fourth  atom  of  tne  hydrogen  in  the 
ammonium  has  been  replaced  by  another  radi^,  tiius — 

^  *    *^W    I  O.    In  these  tetra-compounds,  the  odour  and 

yolatility  of  the  hydrated  oxides  of  anmionium,  ethyl. 


*  Thie  group  of  basic  deriTAtrree  of  umnoniA  must  be  OMsed  orer,  aad 
not  enterM  upon  until  the  student  bae  gone  orer  the  monamines,  monanudes, 
and  the  haloid  combinations  of  the  monammoniums. 
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diethyl  aad  triethyl-ammomtiin,  have  entirely  disappeared; 
they  more  resemble  caustic  potash  in  their  chemical  cha- 
racters than  they  resemble  ammooiam,  or  the  other  ammo- 
nium deriyatiyes ;  like  potash,  they  liberate  ammonia  from 
its  combinations;  like  it,  they  are  highly  caustic,  deli- 
quesce, and  rapidly  attract  carbonic  acid  from  the  air ; 
tney  saponify  fats ;  their  solutions  resemble  the  solution 
of  caustic  potash  so  perfectly  that  they  might  easilj  be 
mistaken  for  that  substance  by  their  chemi^  reactions. 
The  solubility  in  water  of  these  different  ammonia  deri- 
Tatires  does  not  follow  in  the  order  of  their  substitution, 
the  tetra-compounds  forming  the  exception.  For  instance, 
ethylamine  is  almost  as  soluble  in  water  as  ammonia; 
diethylamine  is  less  soluble ;  triethylamine  is  still  less 
soluble,  whilst  the  hydrate  of  tetrethylammonium  is  so 
extremely  soluble  in  water  that  it  dissolyes  in  all  propor- 
tions in  that  liauid. 

549.  The  hydrates  of  these  tetra-compound  ammoniums 
are  obtained*  as  we  haye  seen,  by  digesting  oxide  of  sOyer 
in  a  solution  of  their  iodides,  these  hydrates  and  iodide 
of  silyer  being  formed.  They  can  also  be  prepared,  but 
not  so  adyantageously,  by  decomposing  their  sulphates  by 
baryta  water. 

550.  Their  oxygen  salts  can  be  obtained  by  digesting 
the  iodides  on  a  corresponding  silyer  salt ;  for  instance,  if 
we  wish  to  prepare  their  sulphates,  we  may  digest  the 
iodides  on  sulphate  of  silyer.  They  can  ako  be  prepared 
by  adding  the  hydrated  oxides  of  these  bases  and  the 
acids  together. 

551.  These  hydrated  tetra-compounds  are  decomposed 
by  heat;  they  split  up  into  the  corresponding  tertiary 
amine  and  other  products ;  the  ethyl-compound  is  decom- 
posed into  triethylamine,  olefiant  gas,  and  water ;  ethyl  is 
the  radical  which  is  always  decomposed,  whether  it  is 
znixed  with  methyl,  amyl,  or  phenyl,  and  it  is  always 
decomposed  into  olefiant  ^as.  The  amyl-oompound  is 
decomposed  into  triamylamine,  amylene  and  water.  The 
methyl-compound  is  decomposed  into  trimethylamine  and 
methyl-alconoL 

XXXBCI8E8. 

136.  Write  out  the  formula  of  hydrated  oxide  of  tetre- 
thylammonium, of  tetramylammonium,  of  tetrallylammo- 
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nium,  of  metliyl-trietliylaiximoniiim,  of  trimethyl-yinjlBin- 
monium,  of  methyl -diethyl-phenylammoninm,  of  methyl- 
diethyl-phenylammonium,  of  methyl-ethyl-amyl-Dlienjl- 
ammoDium,  of  diethyl-piperyl-ammonium,  of  aiethjl- 
oonyl-ammonium,  of  ethyl-picolyl-ammonium,  of  methyl- 
leucolyl-ammonium,  of  methyl-morphyl-ammoniuin,  of 
ethy'l-codeyl-ammonium ;  and  state  how  you  would  prepare 
their  different  bases. 

136.  What  decomposition  will  the  hydrated  oxide 
of  methyl-ethyl-amyl-phenylammonium  undergo  when 
heated  P 

Fhosphoniuhs,  Abseniums,  Stiboniuhs. 

652.  The  phosphines,  arsenines,  and  stibines,  are  con- 
verted into  the  iodides  of  the  onium  compounds  by  simply 
treating  them  with  the  bromides  or  iodides  of  the  alcohol 
radicals ;  and  from  the  bromides  or  iodides  thus  formed 
the  hydrated  oxides  are  prepared  by  digesting  them  in. 
oxide  of  silver.  These  hydrates  form  strong  alkaline 
solutions. 

EXEBCISB. 

137.  Write  out  the  formula  of  hydrated  oxide  of  tetre- 
thyl-stibonium,  of  tetramethyl-arsonium,  and  of  tetrethyl- 
phosphonium. 

(3.)  Alcohols  and  Ethebb. 

553.  The  bodies  termed  alcohols  defined, — ^The  term 
alcohol  is  now  applied  to  all  bodies  in  which  one-half  the 
hydroeen  in  one,  two,  three,  &c.,  atoms  of  water  is  replaced 
by  a  basic  radical,  composed  of  carbon  and  hydrogen. 
When  the  basic  radical  replaces  only  one  equivalent  of 
hydrogen  it  is  called  a  monatomic  or  uniatomio  radical ; 
when  it  replaces  two  atoms  it  is  called  a  diatomic  or 
biatomic  radical ;  when  it  replaces  three  atoms  it  is  called 
a  teratomio  or  triatomic  ramcal ;  the  radicals  are  called 
by  the  general  term  polyatomic  when  they  can  replace 
more  than  one  equivalent  of  hydrogen. 

554.  The  bodies  termed  ethers  defined, — When  all  the 
hycbogen  in  one,  two,  three,  &c.,  atoms  of  water  is 
replaced  by  the  same  or  different  alcoholic  radicals,  such 
bodies  are  termed  ethers;  therefore  the  ethers  stand  in 
the  same  relation  to  the  alcohols  as  the  anhydrous  inor- 
ganic bases  stand  to  their  hydrates.    Examples : — 
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AalbjdTovm 
poUsh.        Hydrate  of  potaah.       Yinio  etluir.  Yinic  aloohol. 

1(0.       ijo.       §i;|o.       c.H.|o. 

655.  The  alcohols  are  therefore  termed  the  primary 
derivatives ;  the  ethers  are  termed  the  secondary  deriva^ 
fives.  When  the  hydrogen  acids  are  added  to  the  alcohols, 
the  radicals  in  the  alcohols  combine,  like  the  metals,  with 
the  electro-negative  element  of  the  acids,  forming  haloid 
combinations,  which  are  frequently  called  simple  ethers. 
When  the  oxygen  acids  are  added  to  the  alcohols,  the 
oxides  of  the  alcohol  radicals  combine,  like  the  metallic 
oxides,  with  the  acids,  forming  salts,  which  are  frequently 
termed  compound  ethers. 

Alcohols  covtaivjsq  Monatohic  Badigals. 

556.  There  are  fiye  groups  or  classes  already  known  of 
monatomio  alcohols ;  the  general  formula  of  the  first  class, 

which  contains  at  present  most  members,  is  '^  g  M  O ; 
the  general  formula  of  the  second  class  is  ^  g~^  [  O ; 
tiie  general  formula  of  the  third  dass  is  ^»^g-»  |  Q; 
the  general  formula  of  the  fourth  is  ^^^^-*  joj 
and  the  general  formula  of  the  fifth  is  ^»^g-«  I  Q. 
FiBST  Class  of  Alcohols  and  Ethbbs. 
(General  formula  for  the  alcohols,  CnHan+i  )  q  v 

557.  We  have  shown  that  alcohol  is  now  employed  as  a 
generic  term,  that  is,  that  it  is  applied  to  a  group  of 
bodies ;  but  it  was  in  the  first  instance  applied  exclusively 
to  the  volatile  inflammable  body  which  is  produced  by  the 
ordinaryfermentation  of  sugar. 

558.  The  following  is  a  fist  of  the  alcohols  at  present 
known  belonging  to  this  group,  but  it  is  beyond  a  doubt 
that  the  list  ougnt  to  be  extended,  and  no  doubt  will  be, 
88  the  science  progresses. 

559.  The  student  must  commit  to  memory  the  names 
and  symbols  of  these  alcohols. 

u 
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Names. 

Formula. 

SpeoiAc  OraTity. 

Boi&v 

Liquid. 

Vapour. 

T 

Methylio  sloohol   (wood  I 

spirit)-       -       -       -' 

Eth7Uo  alcohol  (spirit  of) 

Propylio  or  tritjUc  alcohol 

Liquid 
»> 

0-7W 
0-7938 

1-12 

1-6133 

2-08 

14M 

173 

S06 

BatyUc  or  tetryUo  alcohol 

i> 

C.H.}o 

.    . 

.     . 

233 

AmyUc  alcohol  (fooael  oU) 

It 

C.|.}o 

0-8184 

8147 

a6»-8 

Caproic  or  hezjlio  alcohol 

»» 

O.H„|o 

0-833 

3-58 

299-309 

Caprjlic  or  octylic  alcohol 

" 

c.|»}o 

0-823 

4-5 

356 

CetyUc  alcohol  (eth&I)       • 

SoUd 

*'"l"}o 

Cerjiic  alcohol  • 

»» 

C"g..}0 

KelisBic  alcohol         -       • 

f> 

C-H^Jo 

660.  "  The  first  of  these  liquids  is  found  among  the 
products  of  the  destructive  distillation  of  wood;  the 
second,  third,  fourth,  and  fifth,  are  formed  by  the  fermen- 
tation of  saccharine  substances ;  canrylic  alcohol  is  obtained 
by  saponifying  castor  oil  with  hydrate  of  potash,  and  dis- 
tuling  the  product  with  excess  of  the  alkali  at  a  high  tem- 
perature; cetylic  alcohol  is  obtained  from  spermaceti; 
cerylio  alcohol  &om  Chinese  wax,  and  melissio  alcohol 
from  beeswax." 

661.  Wanklyn  and  Erlenmeyer  have  very  recently  ob- 
tained hexylic  alcohol  by  a  ver^  interesting  decomposition; 
viz.,  by  the  action  of  hydriodic  acid  upon  mannite ;  thev 
state  that  this  latter  body  may  be  regarded  as  a  six-atonuc 
alcohol,  or  better  as  hydride  of  hexyl,  in  which  six  atoms 
of  hydrogen  are  replaced  by  six  atoms  of  peroxide  of 
hydrogen. 

Mannite  =  C,  H.  (H  O),. 

This  formula,  they  state,  is  established  by  the  reaction 
between  mannite  and  hydriodic  acid.  When  the  two 
bodies  are  heated  together,  iodine  is  evolved,  and  a  hea^, 
oily  liquid  distils ;  this  liquid  is  iodide  of  hexyl  (C«K]ji}. 

C.  H,  (H  O),  + 11 H I  =  C.  Hu  1  + 6  H,  0  +  10 1. 
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If  the  iodide  is  digested  with  water  and  oxide  of  silyer, 
hexylic  alcohol  is  obtained.  When  caustic  potash  and  vinio 
alcoliol  are  employed,  instead  of  oxide  of  silver  and  water, 
a  different  result  occurs.  The  iodide  splits  up  into  hexy- 
lene  and  hydriodic  acid,  which  latter,  of  course,  acts  upon 
the  potash.* 

562.  These  alcohols  are  homologous  bodies,  as  they 

differ  from  one  another  by  ft  C  H, :  as  the  caprylic  differs 

from  the  next  lowest  yet  diBcovered,  viz.,  caproic,  by 

OsH4,  or  2  CHs,  it  shown  that  there  is  a  member  missing 

.  .       C  H  > 
of  this  composition,    '  -g-"  (  O.    The  other  gaps  in  the 

series  point  out  the  absence  of  other  members,  as  each 
member  differs  from  the  next  above  it  (if  that  has  been 
discovered),  or  the  next  lowest  (if  that  has  been  dis- 
covered), by  a  difference  of  C  H,.  The  boiling  point  of 
these  homologous  bodies,  it  will  be  observed,  rises  with 
each  additional  increment  of  C  H,  by  about  33'*  F.  All, 
except  some  of  the  higher  members,  are  capable  of  being 
distilled  without  decomposition. 

563.  By  the  action  of  oxidizing  agents,  the  alcohols 
pass  first  into  a  heterologous  or  coQateral  series  of  bodies 
termed  aldehydes  (478),  and  these  pass  into  a  oolla- 
teral  series  of  acids,  thus : — 

Alcohob.  AldehjdM. 

C. H,^+ . J  o  +  O  =  ^» ^g-'°}  +B.\^ 
and — 

AUehjrde*.  Adda. 

C.Hg..Oj  +o  =  C.H....gjo 

These  acids  will  come  under  our  consideration  in  the 
negative  series. 

564.  We  must,  before  proceeding  further,  explain  the 
meaning  of  heterologous  series.  "  Every  compound  in  a 
homologous  series,  when  subjected  to  the  action  of  chemical 
reagents,  furnishes  other  compounds,  differing  in  compo- 

*  We  direct  the  atudent'i  attention  to  the  action  of  hydriodic  acid.  It 
htm  only  been  reoentiy  introduced  into  orffanio  chemistry  as  a  deoxidizing 
ngent,  vhich  its  ready  decompoeiUon  enables  it  so  well  to  fulfil.  Its  action 
upon  lactic,  malic,  and  tartaric  acids,  uid  npon  other  bodies,  has  been 
aittended  with  impcnrtaat  aodinteresting  resnlte,  as  the  student  will  hereafter 
learn. 
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eition  from  those  from  which  thej  are  obtained,  but  yel 
bearing  a  definite  relation  to  them.  Thus  alcohol  yields, 
under  various  circumstances,  ether,  aldehyde,  acetic  acid, 
&c.;  and  these  heterologous  or  differently  constituted 
bodii'^  belong  to  collateral,  and  intimately  related,  but 
diETercnt  series ;  for  it  is  found  that  the  different  members 
of  a  homologous  series  exhibit  an  analogous  deportment 
wh«u  submitted  to  similar  chemical  reagents,  and  furnish 
derivatire  series  in  which  the  homology  is  still  presenred.** 
565.  Substitution  of  the  typical  hydrogen*  in  the  alcohols 
hy  other  radicals, — The  typical  hydrogen  in  the  alcohols 
can  bo  replaced — (1)  By  an  atom  of  the  alcohol  radicals: 
th«^  ethers  are  produced,  by  this  substitution.  (2)  By  the 
radicab  of  the  oxygen  acids.    Example : — 

Chloride  of  benzoyl. 

(3)  'By  metals. — The  replacement  of  the  bydrogen  by 
potjLBgium  or  sodium  is  effected  by  immersing  the  metal 
in  absolute  alcohol,  hydrogen  gas  is  evolved,  and  a 
colonrlesB,  crystallizable  compound  is  obtained,  the  gene- 
ral formula  of  which  is  ^"  "^^  j  O.  The  compound 
obtained  on  treating  vinic  Idcohol  with  potassium,  is  called 
ethjlatc  of  potassium.    Its  formula  is    '  ;^'  {  O* 

306.  '£he  oxygen  in  alcohols  can  he  replaced  by  sulphur 
{and^  of  course,  selenium,  tellurium,  or  any  of  the  other 
members  of  the  sulphur  class). — We  then  get  bodies  termed 

tnercaptans,  whose  general  formula  is    "    ff       (  ®*     '^^ 

mercaptans  may  be  obtained  by  distiUing  sulphide  of 
potass  uim  and  tne  chloride  of  an  alcohol  radical  together, 
or  by  distilling  sulphide  of  potassium  and  a  sulphovinate 
of  iioie,  or  by  acting  upon  the  alcohol  with  persulphide  of 
phosphorus,  thus : — 

5(^'g'J0)  +  P.S.  =  5(^'g'j  S)  +  P,0.. 

567,  In   these    sulphur-alcohols    (mercaptans),    as  in 

*  By  iypioal  hrdrogen  is  meant  the  hydrogen  of  the  type  (water)  irom 
irhicih  tm  Blcohols  are  derived. 
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oxjgen  alcohols,  we  can  ^place  the  atom  of  hydrogen 
by  a  metal ;  thus,  by  adding  the  oxide  of  lead,  copper, 
suTer,  gold,  or  of  mercary,  to  an  alcohol  solution  of  a 
mercaptan,  we  obtain  a  meroaptan  with  one  of  these 
metals  in  the  place  of  h^^drogen ;  on  adding  potassium  to 
a  mercaptan,  nydrogen  is  evolved,  and  a  mercaptan  with 
potassium  in  the  place  of  hydrogen  is  obtained. 

668.  Action  of  oxygen  on  the  alcohols.  —  Under  the 
influence  of  oxidizing  agents,  this  class  of  alcohols  is 
converted  into  the  first  class  of  aldehydes ;  and  by  con- 
tinuing the  action  of  the  oxidizing  agents,  these  aldehydes 

O  "FT         O  ) 
pass  into  acids,  having  the  general  formula    ^      h  *     (  ^« 

This  reaction,  which  is  characteristic,  serves  to  distinguish 
the  different  alcohols. 

569.  Action  of  potash  on  the  alcohols. — Treated  with 
potash  at  an  elevated  temperature,  hydrogen  is  disen- 
gaged, and  a  potash  salt  or  one  of  the  acids,  having  the 

general  formula  ^"  ^'g-  ^  ^  J  O  is  formed. 

570.  Action  of  sulphuric  acid. — The  alcohols  dissolve  in 
sulphuric  acid,  and  they  combine  with  it,  forming  su]pho- 
vinic  acids.    The  general  formxda  of  these  bodies   is 

(so,r     > 

(CbHsb  + 1)  V  Os  ;  they  are  therefore  bodies  in  which  one 

H  3 
of  the  twoiypical  atoms  of  hydrogen  in  sulphuric  acid  has 
been  replaced  by  an  alcohol  radical.  Tnev  possess  an 
add  reaction,  and  the  other  typical  atom  of  nydrogen  can 
be  replaced  by  an  alcohol  radical,  or  by  a  metal.  They 
are,  in  fact,  compound  acid  ethers.  We  shall  see  here- 
after that  the  other  bibasic  acids  and  tribasic  acids  form 
analogous  compounds.  This  is  not  the  only  action  of 
sulphuric  acid  on  the  alcohols. 

671.  Action  of  some  acids  and  salts  on  the  alcohols.-^ 
Wben  alcohols  are  heated  with  sulphuric  acid  (not 
employed  in  excess),  or  with  phosphoric  acid,  fluoride  of 
boron,  chloride  of  zinc,  or  chloride  of  tin,  many  of  the 
alcohols  give  the  ethers.  (See  par.  376.)  Heated  with 
an  excess  of  sulphuric  acid,  they  yield  hydrocarbons  of 
the  olefiant  gas  series,  having  the  general  K)rmula  CaHsn* 
(See  par.  522.) 

67^.  With  the  hydrogen  acids  they  give  the  halogen 
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ethers,  or,  as  they  are  sometimes  called,  the  simple  ethers. 
Example  :— 

These  bodies  are  given  under  the  type  hydrochloric  add. 

First  Class  of  Ethers. 

(^  General  formula,  ^"  h!"  +  '1  ^O 

673.  These  bodies  represent  water  in  which  the  two 
atoms  of  hydrogen  have  oeen  replaced  by  two  equivalents 
of  monatomic  alcohol  radicals.  They  are  gaseous  (me- 
thylic  ether),  liquid,  or  solid  (cetylic  ether) ;  they  have  not 
any  action  upon  vegetable  colours,  and  are  for  the  most 
part  volatile,  without  decomposition.  Their  volatility 
IS  greater  than  that  of  the  corresponding  alcohols. 

574.  We  have  seen  how  they  are  prepared,  and  that  they 
may  be  composed  of  two  different  alcohol  radicals.  When 
this  is  the  case,  we  ^et  what  are  termed  mixed  ethers.  ^ 

575.  Sulphuric  acid  and  the  hydrogen  acids  form  with 
the  ethers  the  same  compounds  as  they  form  with  the 
alcohols.  Sulphuric  acid  forms  with  them,  for  instance, 
sulpbovinates,  and  the  hydrogen  acids  form  with  them 
the  chlorides,  Ac,  of  the  alcohol  radicals. 

576.  Sulphur  can  be  substituted  Jbr  the  oxygen  in  ethers. 
—-If  we  act  upon  the  chlorides  of  the  alcohol  radicabi 
with  the  monosulphide  of  potassium,  we  obtain  the  sulphor 
ethers,  thus : — 

2(aH,.+,ci)  +  |js=g-2;il+;}s  +  2B:cL 

They  may  also  be  prepared  by  acting  upon  the  ethers 
with  persulplude  of  phosphorus,  thus : — 

«(E:h::::!  o)+^-s.=6(c:H::::i8)+^'^- 

577.  The  sulnhuretted  ethers  are  fcetid  oily  bodies,  or 
crystalline  solios.  They  are  insoluble  in  water.  Thejr 
do  not  form  salts,  like  the  mercaptans,  but  they  precipi- 
tate bichloride  of  mercury,  and  bichloride  of  platinum, 
forming,  like  the  mercaptans,  combinations  with  these 
chlorides. 
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578.  Chlorine  can  be  substituted  for  tbe  hydrogen  in 
the  radicals  of  the  ethers. 

SXBBCISBS. 

138.  Give  the  formula  for  sulphuretted  methylic  alcohol, 
and  state  how  you  would  prepare  it. 

139.  Giye  the  formula  for  ethylate  of  zinc,  and  state  how 
you  would  prepare  it. 

140.  Give  the  formula  for  methylic,  for  ethylic,  for  pro- 
pylic,  for  butylic,  for  amylic,  for  caprylic,  for  cetylic,  etner. 

141.  Give  the  formules  for  methylate  of  potassium  and 
amylate  of  sodium,  and  state  how  you  would  prepare  them. 

142.  Give  the  formula  for  sumhuretted  methylate  of 
mercury,  and  state  how  you  would  prepare  it. 

143.  Give  the  formulse  for  methyl-amylio,  for  methyl- 
ethylic,  for  ethyl-amylic,  etiier,  ana  state  how  you  would 
prepare  these  cUfferent  ethers. 

144.  Give  the  formules  for  sulphuretted  melhylio,  and 
for  sulphuretted  amylic,  ether,  and  state  how  you  would 
prepare  them. 

Second  Class  of  Alcohols  and  Ethsbs. 
(^General  formula  for  the  alcohols,  ^"  ^»"^'  |  O.) 

679.  Only  one  alcohol  belonging  to  this  class  is  yet 

C  H  ) 
known;  this  alcohol  is  termed  alljlic  alcohol     'u'  [  Q 

and  corresponds  to  the  second  class  of  hydrocarbons,  alde- 
hydes, and  chlorides,  of  the  monatomic  radicals. 

580.  Preforaiion,  —  Hofmann  and  Cahours,*  who 
obtained  tms  alcohol,  found  that  silver  salts  are  in 
general  powerfully  attacked  by  iodide  of  allyl ;  but  com* 
parativefy  few  of  the  products  obtained  in  this  reaction 
are  themselves  appropriate  for  the  separation  of  allylio 
alcohol.  They  obtained  the  most  satisfactory  results  with 
oxalate  of  allyl.  They  therefore  prepared  the  allylic 
alcohol  in  the  following  way  : — they  digested  for  several 
hours,  at  a  temperature  of  100"  C,  iodi(&  of  allyl  (C.  H,  I) 
upon  oxalate  ot  silver  (the  iodide  acts  very  energetically 

*  "  BeMarolies  on  a  New  Claaa  of  Alcohols/'  bj  Dr.  A.  W.  HofiDuum  and 
A.  Cahoun.    Chemical  Soeie^'i  Joumalt  toL  x. 
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upon  the  eilver  salt);  at  the  end  of  that  time  the  reaction 
is  complete.  The  digestion  is  most  conyenientlj  aocom- 
plishea  in  the  presence  of  anhydrous  ether.  The  oxalate 
of  allyl  fumisned  by  this  process  can  be  easily  purified ; 
on  filterin^r  the  etherial  liquid  from  the  iodide  of  silrer, 
and  distilling,  the  ether  parses  oyer  first,  the  temperature 
then  rises  rapidly,  and  between  205^  and  207°  C,  a 
colourless  transparent  liquid  distils  over,  which  is  tiie 

oxalate  of  allyl  (n*^\  \  O,.     When  once  the  oxalate  of 

allyl  has  been  procured,  nothing  is  easier  than  to  sepantte 
from  it  the  allelic  alcohol.  It  is  only  necessary  to  treat 
this  product  with  an  excess  of  dry  ammonia,  oy  whidi 
oxamide  and  the  allylic  alcohol  are  obtained,  according 
to  the  following  equation : — 

Oxamide. 

a  result  in  perfect  accordance  with  the  reciprocal  action  of 
ammonia  and  oxalic  ether : — 

Oxalic  ether. 

581.  The  alcohol  separated  b^  distillation  from  the 
oxamide  is  not  absolutely  pure ;  it  may  retain  water  and 
ammonia :  a  simple  rectincation  from  anhydrous  sulphate 
of  copper  is  sufficient  to  render  it  perfectly  pure. 

682.  Properties  qf  the  alcohol. — It  is  a  colourless,  yery 
mobile  liquid,  possessing  a  pungent  odour,  recalling  at 
the  same  time  tnat  of  common  alcohol  and  of  mustard-oil. 
It  boils  about  100°  C.  and  is  combustible,  but  burns  with 
a  far  more  luminous  fiame  than  ordinary  alcohol.  Its 
flayour  is  spirituous  and  pungent.  Water,  alcohol,  and 
wood-spirit  dissolye  it  in  all  proportions. 

583.  Substitution  of  other  bodies  for  the  typical  hydrogen. 
— ^Potassium  and  sodium  attack  allylic  alcohol  energetically, 
especially  if  the  temperature  be  slightly  raised;  hydrogen 
is  copiously  eyolyed,  and  the  potaissium  or  sodium  com- 
pound, in  the  form  of  a  gelatinous  substance,  is  produced ; 

the  formula  of  this  substance  is    '  £*  (  O.    If  we  treat 
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this  sabfltance  with  iodide  of  alljl,  we  get  the  ether, 
thus: — 

<''f'J0  +  C.H.I=g|;J0  +  KI 

If  we  treat  methyl,  ethyl,  amyl,  and  phenyl-potassinm 
alcohols  with  iodide  allyl,  or  vice  versA,  we  obtain  mixed 
ethers. 

584.  Suhgiitutian  ofsulfhurfar  the  oxygen  in  the  alcohol, 
— When  iodide  of  ^yl  is  allowed  to  fall  drop  by  drop 
into  a  ooncentrated  alcoholio  solution  of  the  sulphide  of 
hydrogen  and  potassium,  allylic  mercaptan  is  formed, 
thus : — 

This  sulphur  alcohol  has  the  odour  of  garlic ;  it  boils  at 
9(f  C. ;  it  acts  with  energy  upon  oxide  of  mercury,  with 
which  it  forms  a  compound  dusolying  in  boiling  lucohol, 
and  separating  from'  it  on  cooling,  in  the  form  of  pearly 
scales  of  remarkable  brilliancy,  and  which  present  the 
greatest  resemblance  to  mercaptide  of  mercury. 

Third  Class  of  Alcohols  ajtd  Ethsbs. 

(Oeneralformulafor  the  alcohoU,  ^»  ^jg-'  |  O.) 

685.  There  are  two  groups  of  alcohols  haying  the  same 
general  formula ;  they  are  not  identical  or  homologous, 
out  isomeric ;  they  are  distinguished  from  one  another  by 
their  behayiour  with  oxidizing  agents :  the  bodies  of  the  one 
group  are  not  conyerted  into  aldehydes  by  these  agents ; 
whilst  the  others  are  conyerted  into  aldehydes  by  these 
agents. 

FiBST  Gboup. 

586.  Only  three  members  are  yet  known  belonging  to 
this  group ;  the  following  are  their  names  and  formula, 
which  must  be  committed  to  memory : — 

Phenylic  alcohol,  carbolic  acid,  hydrate  J  C,  H, )  q 
of  phenyl,  phenol     -        -        -        -      i      H   ) 

Cresylio  alcohol ^'^'  |  O 

Hydrate  of  oxide  of  xylyl         -        -        "  ^'h *  |  ^ 
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687.  These  substances  are  found  in  the  liquid  products 
obtained  in  the  dry  distillation  of  wood,  and  in  coal  tar. 
Hydrate  of  phenyl  nas  been  the  most  eztensiyely  studied ; 
its  action  on  organic  compounds  is  the  sam«  as  that  of 
creosote;  thus  it  dissolves  indigo,  &c.,  and  coagulates 
albumen,  preventing  the  putrefaction  of  animal  substances. 
Sulphur  and  chlorine  dissolve  in  it;  nitric  acid,  chlorine, 
and  bromine  attack  it  with  energy.  It  is  easily  recognised 
by  its  action  on  pine-wood;  if  the  wood  be  dipped  first 
into  the  hydrate  of  phenyl,  and  then  into  moderately 
strong  nitnc  acid,  the  wood  becomes  stained  deep  blue, 
wbich  soon  passes  into  brown. 

5  88.  Replacement  of  the  typical  hydrogen.-^'U  potassiimi 
b*!  added  to  phenyl-alcohol  it  dissolves  with  evolution 
of  hydrogen,  the  potassium  compound  being  produced, 

*K*  I  ^ '  on  heatbg  this  compound  with  the  iodides  of 

til  a  alcohol  radicals,  a  series  of  mixed  ethers  are  produced, 

tliuB: — 

^*f  •  I  O  +  CH.I  =  ^•jJl  j  O  +  KI 

689.  Replacement  of  the  hydroaen  in  the  alcohol  radical 
hi/  other  bodies, — Some  of  the  hydrogen  atoms  in  the 
alcohol  radical  have  been  replaced  by  chlorine,  bromine, 
aud  NOj,  as  the  following  list  proves; — 

Diohlorophenic,  or  chlorophenesio  add     -  ^^•"^*  -qV  I  O 

Trichlorophenio,  or  chlorophenisio  acid    -  ^   *     *  -a'  \  O 

Pentachlorophenic,  or  chlorophenusic  acid       '   *  -rr    |  o 

Bromophenic,  or  bromophenasic  acid       -    ^  •    *  j/*  |  O 

Dibromophenic,  or  bromophenesio  acid    -  ^  •     •  ^»'  |  O 

Tribromophenic,  or  bromophenisic  acid  -  l^'-^^'g"*)  |  Q 

^itrophenic,  or  nitrophenasio  acid       -    '   •  ■"^*-^^w  j  0 

Dinitrophenic,  or  nitrophenesic  acid  -    ^  *    *  (^^«)»J  J  O 
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Trinitroplienio,  or  nitrophenisic  acid  -  [C^H,  (NO,),]  )  q 

(carbazotic  acid,  or  picric  acid)  H         ) 

Dichloronitrophenioacid  -        -        .(C«H,C1,N0,)  |  q 

Biniodonitrophenic  acid    -        -        -   (C«H,I,NO,)  |  q 

Bromodinitrophenic  acid    -        -      [C.  H,  Br  (N  O,)  J  |  q 

590.  All  of  these  acids  are  monobasic,  and  form  definite 
salts,  many  of  which  crystallize  yery  beautifully.  When 
the  nitro-acids  are  submitted  to  the  reducing  action  of 
hydrosulphate  of  ammonia,  two  red  amidated  acids  are 
produced.  Carbazotic  acid  is  produced  not  only  from 
phenyl-alcohol  by  the  action  of  nitric  acid,  but  it  is  also  a 
nrequent  product  of  the  action  of  this  acid  upon  complex 
organic  substances;  salicin,  ooumarin,  phloridzin,  siUc, 
inai|;o,  and  a  yariety  of  resins  yield  it  when  treated  with 
faming  nitric  acid. 

691.  Action  of  ftdphurie  cusid  upon  phenie  alcohol,'^ 
Sulphuric  acid  forms  with  the  alcohol  an  acid  correspond- 
ing to  sulphoyinic  acid. 

692.  The  alcohols  of  this  group  do  not  giye  either 
hydrocarbons  or  ethers  by  the  action  of  the  sulphuric  acid 
upon  them. 

593.  Action  of  ammonia  upon  the  alcohols. — ^When  the 

alcohol  is  heated  for  some  time  with  ammonia  in  sealed 

C  H"  ) 
tabes,  aniline  (phenylamine)    'h  (  ^  ^  produced. 

Second  Geoup. 

594.  Only  three  members  are  yet  known  belonging  to 
this  group,  and  the  last,  which  has  only  yery  recently 
"been  discoyered  by  Drs.  De  la  £ue  and  Miiller,  has  been 
as  yet  only  yery  imperfectly  studied.  The  following  are 
the  names  and  formulse  of  the  three  alcohols ;  they  must 
T)e  committed  to  memory : — 

Benzoic  alcohol,  oily  liquid         -  400°  F.       -  ^'  g^ 
Cuminio  alcohol,  oily  Hquid        -  470°  F.       -  ^''  ^»* 

Melta  aboat 

Sycocerylic    alcohol,    crystal-  (    i  q^o  -i?  C«  H„  ) 

linesoHd      ...         1    ^^*  ^-       "       H    1 
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695.  Benzoic  and  cnminic  alcohols  are  obtained  br 
dissolving  their  aldehydes  in  their  own  yolume  of  alcohol, 
and  subsequently  mixing  the  alcoholic  solution  with  an 
alcoholic  solution  of  hyorate  of  potash.  Two  equivalenti 
of  the  aldehyde  split  up  into  one  equivalent  of  the  corre- 
sponding alcohol  and  one  of  the  corresponding  add, 

Benzoic  alcohol  has  also  been  prepared  by  boiling  for  three 
or  four  hours  monochloride  of  toluene  with  acetate  of 
potash.  Acetate  of  the  alcohol  is  formed,  and  chloride  of 
potassium.  The  alcohol  is  afterwards  separated  from  the 
acetic  acid  by  boiling  the  acetate  with  an  alcoholic  solution 
of  potash.  The  sycocerylic  alcohol  is  found  in.  com- 
bination with  acetic  acid  in  the  resin  of  JFlcus  rubi^noM, 

596.  Oxidizing  agents  convert  the  first  two  into  alde- 
hydes and  acids.  When  distilled  from  hydrate  of  potash, 
they  are  decomposed  into  the  corresponding  acids,  and  the 
hydrides  of  the  alcohol  radicals.  Tne  ethers  are  obtained 
hj  heating  the  alcohols  in  a  closed  vessel  for  some  hours 
with  anhydrous  boracic  acid ;  a  hydrocarbon  is  formed 
along  with  the  ether.  When  they  are  mixed  with  sul- 
phuric acid,  they  yield  compound  acids  corresponding  to 
snlphethylic  acio. 

FOTTBTH   CljLSS  OF  ALCOHOLS. 

(Generalformula,  ^«^«g»  |  O.) 

597.  Cinnamic  alcohol  (styrone,  Peruvine)  is  the  only 
alcohol  belonging  to  this  group  which  has  yet  been  dis- 
covered.   Its  formula  is     *  g*  |  O.    It  is  produced  by  the 

distillation  of  styracine  with  a  concentrated  solution  of 
potash.  No  ether  corre8iK)nding  to  this  alcohol  has  yet 
been  obtained.  When  exposed  to  the  action  of  atmo- 
spheric air,  under  the  innuence  of  platinum  black,  it 
yields  the  corresponding  aldehjde  (oil  of  cinnamon); 
when  acted  upon  by  nitric  acid,  it  yields  hydride  of 
benzoyl. 
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Fifth  Cljlss  of  Alcohols. 
(Qeneralformula,  ^»^g-«  |  O.) 

598.  Hydride  of  aniBvle  exhibits  the  same  behayiour  b& 

hydride  of  benzoyl,  witn  an  alcoholic  solution  of  potash. 

It  is  converted  into  a  mixture,  ai^sate  of  potash,  and  a 

crystalline  body,  which,  when  purified  by  distillation, 

boils  at  482®  R     The  formula  of  this  body,  which  is 

C  H    O  ) 
anisic  alcohol,  is    '  u     [  O. 

BXXBCI8B8. 

145.  Grive  the  formula,  and  state  how^  you  would  prepare 
sulphuretted  aUylio  alcohol,  and  sulphuretted  allylate  of 
mercury. 

146.  Give  the  formula,  and  state  how  you  would  prepare 
ethyl-aUylio  ether. 

Nbgjltiyb  Gbouf. 

599.  This  j(roup  embraces— (1)  The  monobasic  inorganic 
acids.  (2)  The  monobasic  organic  acids.  (3)  The  salts 
of  these  two  classes  of  acids.  (4)  The  ethers  of  these 
adds.    (5)  The  monamidic  acids  and  their  salts. 

Basicity  of  Acids. 

600.  Acids  are  formed  on  the  type  of  water  in  which 
the  hydrogen  is  partly  or  wholly  replaced  by  the  acid 
radical.  When  only  part  of  the  nydrogen  in  the  t^pe  is 
replaced  by  the  acid  radical,  the  hydrate  of  the  acid,  or 
the  acid  proper,  is  obtained.  When  all  the  hydrogen  in 
the  type  is  replaced  by  the  acid  radical,  the  acid  anh/^ 
dride  is  produced. 

601.  The  hydrated  acids  undergo  double  decompositiouB 
with  the  metallic  bases,  and  they  exchange  for  the  metal 
their  disposable  hydrogen ;  the  product  produced  by  the 
exchange  is  an  oxygen  salt ;  under  certain  conditions,  the 
aeids  also  undergo  £)uble  decompositions  with  the  alcohols, 
oo]niK)und  ethers  being  produced.  The  hydrogen  in  the 
adds,  which  is  capable  of  being  exchanged  for  the  radical 
of  the  bases  and  alcohols,  is  called  basic  hydrogen, 

602.  The  acids  are  monatomic,  biatomic,  or  triatomio, 
according  as  their  molecule  is  deriyed  from  one,  two,  or 
three  molecules  of  water.  As  the  basicity  of  an  acid 
depends  on  the  number  of  atoms  of  basic  hydrogen  it 
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contains,  we  xnight  expect  that  all  biatomio  acids,  as  they 
contain  two  atoms  of  typical  hydrogen,  would  be  bibasic ; 
and  that  all  triatomic  acids,  on  account  of  their  containing 
three  atoms  of  typical  hydrogen,  would  be  tribasio ;  but 
we  shall  see  hereafter  that  it  is  highly  nrobable  that  eadi 
of  the  two  or  three  atoms  of  typic&L  hydrogen  in  biatomic 
and  triatomic  acids  ii  not  always  or  necessarily  basic. 
We  haye,  therefore,  to  make  a  distinction  between  the 
terms  diatomic,  triatomic,  &c.,  which  refer  to  the  compli* 
cation  of  molecules,  and  the  terms  bibasic,  tribasic,  &c., 
which  refer  to  the  capacity  of  saturation.  All  monatomio 
acids,  as  they  contain  only  one  typical  atom  of  hydrogen, 
are  of  course  monobasic. 

603.  "  The  determination  of  the  basicity  of  an  acid  is  a 
matter  of  some  difficulty.  In  many  cases,  the  formation 
or  non-formation  of  acid  and  double  salts  may  serve 
as  a  distinction.    Thus,  tartaric  add,  which  is  a  bibasic 

C  IT  O  ) 
acid,  ^«g*^*C  o„  forms  a  neutral  tartrate  of  potash, 

^*S*  ^*  I  0„  and  an  acid  tartrate,  ^*^iP*^  O, ;  so,  like- 
wise, sulphuric  acid  forms  ^®£|*'[  O^  and(|^)*'|  O,; 
whereas,  nitric  acid,  having  but  one  atom  of  hydrogen, 
forms  but  one  potash  salt,  viz.,     -^  >  O.    But  acetic  acid, 

generally  regarded  as  monobasic,     'n-*     ?  O,  also  forma 

not  only  a  neutral  potash  salt,     '^'     >  O,  but  likewise 

an  acid  potash  salt,  usually  represented  by  the  formula, 
C,  H,  K  O, .  C,  H4  O, ;  but  if  the  formula  of  acetic  acid  be 
doubled,  making  C^StO^,  the  neutrid  potash  salt  will  be 
C4  H«  E,  O4,  and  the  acid  salt  C«  H,  (K  H)  O4.  Acetic  acid 
will  thus  be  represented  as  a  bibasic  acid ;  and,  in  fact, 
this  quantity,  C«  H«  O4  (=  120),  is  the  equivalent  of  sul- 
phuric acid,  S  H,  0«  (=  98),  that  is  to  say,  it  saturates  the 
same  quantity  of  notash.  Why,  then,  is  acetic  acid 
universally  regardea  as  monobasic?  On  this  point  we 
shall  quote  the  observations  of  Gerhardt : — 

604.  **  The  basicity  of  acids  is  a  question,  not  of  equiva- 
lents, but  of  molecules.  .  .  I{weextaxnne,undertke9€nne 
volume,  the  composition  of  the  vapour  of  certain  volatile 
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bodies,  corresponding  to  the  acids,  and  compare  together 
the  similar  terms,  such  as  the  chlorides  of  tne  acid  radi- 
cals, or  the  nentr&l  compound  ethers,  we  observe  perfectly 
rejapilar  differences,  which  are  always  related  to  the  che- 
mical properties  of  the  corresponding  bodies ;  thus, — 

\  acetate  of  methyl  contain  -      nir  ?•  O 
2Tolume8of^  -^^»i 


/ sulphate  of  metbyl    „        -  Vqxt  »  f  O, 


In  the  same  volume,  therefore,  chloride  of  acetyl  contains 
the  radical  chlorine  once,  while  chloride  of  sulphuryl 
contains  it  twice.  In  the  same  volume,  again,  sulpnate  of 
methyl  contains  twice  theqnantity  of  methyl  that  is 
contamed  in  the  acetate.  With  these  differences  of  com- 
position of  the  chlorides  and  neutral  ethers  are  connected 
other  properties,  such  as  the  following: — ^Acetic  acid 
forms  but  one  compound  ether,  whereas  sulphuric  add 
forms  two,  a  neutral  and  an  acid  ether;  acetic  acid 
forms  but  one  amide,  sulphuric  acid  forms  several,  &c. 
In  short,  on  inquiring  what  are  the  smallest  quantities 
of  the  radicals  acetyl  and  sulphuryl  that  are  concerned 
in  chemical  metamorphoses,  we  find  that  they  are  CtKg  O, 
equivalent  to  H ;  and  S  O,,  equivalent  to  H, ;  hence  we  are 
led  to  represent  the  molecule  of  acetic  acid  as  monatomic, 
and  that  of  sulphuric  acid  as  biatomic." 
^  605.  Many  of  the  organic  acids  are  contained  in  plants, 
either  in  the  free  state,  or  under  the  form  of  snJts.  They 
are  produced  in  very  great  numbers  in  treating  other 
organic  matters  by  oxidizing  agents,  such  as  nitnc  acid, 
chromic  acid,  peroxide  of  lead,  hydrate  of  potash,  &c. 
The  enersetio  agents,  such  as  nitnc  acid,  or  the  mixture 
of  peroxiae  of  manganese  and  sulphuric  acid,  produces  acids 
whose  composition  is  muchremoved  from  the  organic  mate- 
rials employed ;  oxalic  acid  and  formic  acid  are  obtained 
frequently  in  this  kind  of  oxidation.  The  nitric  acid  and 
the  sulphuric  acid  give  also  sometimes  conjugated  acids. 

Monatomic  Acids. 
606.  The  substitution  of  an  acid  radical  for  one  atom  of 
hydrogen  in  one  molecule  of  water  gives  the  acid  proper. 
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or  the  primary  deriyative ;  the  subBtitution  of  two  atoms 
of  the  acid  radical  for  the  two  atoms  of  hydrogen  in.  one 
molecule  of  water  giyes  the  acid  anhydride,  or  the 
secondary  derivative. 

607.  Generally  monabasic  acids  are  volatile  without 
decomposition.  Their  aqueous  or  alcoholic  solutions  turn 
litmus  red.  When  they  exchange  their  basic  atom  of 
hydrogen  for  a  metal,  a  neutral  salt  is  produced. 

608.  The  monobasic  acids  do  not  generally  give  aoid 
salts  by  double  decomposition.  In  some  cases,  neTer- 
theless,  acid  salts  are  obtained  by  dissolving  a  neatral 
salt  in  a  monobasic  acid ;  acetate  of  potash,  for  example,  in 
acetic  acid ;  but  these  acid  salts  are  decomposed  by  wat^. 

609.  A  monobasic  acid  ^ives  with  each  alcohol  but  one 
ether  salt,  which  is  neutral ;  itdoes  not  giveanacidether  salt. 

610.  The  ammonia  salts  of  these  acids  yield  by  their 
decomposition  but  one  dass  of  amides — the  primazr 
amides ;  they  furnish  neither  secondary  amides  (imideBj, 
nor  acid  amides.  Sometimes  these  ammoniacal  salts  are 
volatile  without  decomposition. 

(1.)  Mineral  Acids. 

611.  The  following  are  the  principal  monobasic  inor- 
ganic acids : — 

Acids  Pbopbb. 

Prmuury  deriTstiTM.  Seconduy  deriTatiTes. 

Nitric  acid      -    (^^«)|0 

Hypochlorous  I       CI  [  x^ 
icid     -        -J       H  J^ 

Chloric  acid     -  ^^^'^  [  O 

Iodic  acid       -    ^^'^[o 

Metaphospho-  )  (PO,)?  q 
rio  acid        - )      H    f 

(2.)  Obganic  Acid8« 

612.  The  monobasic  organic  acids  cannot  be  transformed 
into  anhydrides  by  means  of  double  decomposition; 
neither  do  dehydrating  agents,  such  as  phosphoric  anhy- 
dride, transform  them. 

613.  Many  of  the  monobasic  organic  acids  give,  under 
the  influence  of  chlorine,  of  bronune,  and  of  nitric  aoid. 


Nitric    anhy-l  (NO.) to 

dride  -f  (NOJJ^ 
Hypochlorous  I        CI  i  ^ 

anhydride. f  CI  i^ 
Chlonc  anhy.  (   (Ci  O,) )  ^ 

dride-  -f  (ClOJf^ 
Iodic  anhy-     ?    (1 0,)  J  ^^ 

dride-        -f    (lOJ  \^ 

Metaphospho- )    (P  O,)  )  ^ 

ric  anhy tode  J    (P  OJ  J  ^ 
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conjugated  monobasic  acids.    With  sulpliuric  acid  they 
give  Ucewise  conjugated  acids,  but  these  are  hihasic, 

614.  Treated  with  perchloride  of  phosphorus,  the  mono- 
baaie  organic  acids  give  the  cprrespondin^  negative  or  acid 
chloride,  hydrochloric  acid  and  oxy-chlbnde  of  phosphorus 
being  also  formed. 

615.  The  proportion  of  oxygen  contained  in  the  mono- 
basic organic  acids  is  generauy  much  less  than  in  the 
bibasio  acids.  This  is  especially  the  case  with  the  mono- 
basic volatile  aeids ;  they  contam,  in  their  molecule,  two 
or  three  atoms  of  oxygen ;  whilst  the  bibasic  acids  con- 
tain not  less  than  four  atoms. 

FiBBT  Class. 

(l%e  generalfarmula  qfthis  class  is,  ^"  ^*»g'  ^  |  O.) 

616.  The  first  class  of  alcohols  and  their  aldehydes 
yield  by  oxidation  this  class  of  acids,  as  we  have  already 
shown  (par.  563),  by  a  general  equation.  Man^  of  them 
occur  in  the  vegetable  and  animal  organisms,  in  combi- 
nation with  glycerine,  forming  oils  or  fats,  from  which 
substances  they  are  separated  oy  the  process  of  saponifi- 
cation. Some  of  them  are  formed  by  the  action  of 
oxidizing  agents  on  fatty  and  waxy  matters,  and  some  of 
them  are  also  formed  by  the  action  of  the  same  agents  on 
albumen,  fibrine,  caseine,  &o. 

617.  The  members  of  this  group,  like  the  members  of 
all  other  groups  of  homologous  bodies,  possess  analogous 
properties.  AJl  the  members  of  this  groupcan  be 
distilled  without  undergoing  decomposition.  With  the 
exception  of  the  first  two  (formic  and  acetic  acids),  they 
all  possess  the  characters  of  an  oil.  Thev  are,  with  the 
exception  of  the  first  two,  imperfectly  soluble  in  water, 
although  some  of  the  lower  members  of  the  series  dissolve 
to  a  considerable  extent  in  water ;  they  all  dissolve  readily 
in  alcohol  and  ether.  The  first  ten  acids  in  the  group  are 
liquid  at  ordinary  temperatures ;  the  next  four  are  solid 
fats ;  the  last  two  are  waxy  substances. 

618.  Although  these  acids  constitute  one  of  the  most 
numerous,  ana  also  the  most  carefully  examined  ^oups 
of  homologous  compounds,^  still,  if  melissio  acid  is  the 
extreme  limit,  which  there  is  no  reason  for  supposing,  we 

X 
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can  see  that  ail  the  xnemben  of  the  ffronp  hare  not  yet 
been  discovered.  Seyeral  members  have  ^et  to  be  db- 
covered  to  fill  up  the  gap  between  stearic  acid  and  cerotie 
acid,  and  again  between  this  last  acid  and  melissic  add 
several  members  are  still  wanting.  Sixteen  acids  belonging 
to  this  class  hare  already  been  oiscoyered. 

619.  These  acids  are  called  the  fatty  acids,  on  account 
of  the  greater  number  of  them  being  oily  bodies,*  and 
being  constituents  of  the  oils  and  fats. 

620.  The  student  must  now  commit  to  memory  the 
names  and  symbols  of  these  acids. 


Melting 

Boiling 

ITuues. 

FonnnlaB. 

point, 
0«P. 

^^ 

Whence  obUaned. 

Formio  acid- 

(0HO)|o 

21 

221 

oxalic  add;  and  ozida. 
tion  of  amylaceous  and 

(C.H.O)lo 

DirtilUtionofwoodO 

Aoetio.       • 

<8 

243 

oxidation  of  aloo. 

hoi,  &c. 

g 

Propioiiio    • 
Butyric       - 

(C.^O)^O 

below  0 

284 
314 

glycerine,  ftc. 
Batter;    fennenta- 
tion  of  laoUc  acid. 

1 

yaleriuuo  - 

(O.B^O)}0 

below  0 

847 

dation  of  amylio 
alcohoL 

1 

Cftproio       . 

(C,HjxO)|q 

892 

Batter 

CEouiUiyUc- 

(0,H^.0)J0 

below  0 

208  (?) 

Caetor  oil.  by  die- 
tillation,  fto. 

f 

CH^iyKo      . 

(C.H^.O)JO 

69 

467 

Batter,    coooarnat 
oil. 

If 

Pelargonio  • 

(C.H^,0)}0 

... 

600 

Leavee  of  the  ge. 
raniam.                J 

A 

(CxoH^O)}o 

86 

Batter;  oil  of  roe,  by  oxi- 
dation. 

Luuio- 

(O..H^O)}0 

110 

CoGoa^nat  oil ;  berries  of 
the  bay-tree. 

Myristio      . 

(C,.H^O)|o 

129 

Natmeg    hotter,    eoeoa- 
natmL&c. 

Palm   oil,  batter,  bees- 
wax, &c. 

Filmitic      - 

(C..H^0)J0 

143*8 

... 

StMrio 

(C„H^O)[o 

169 

... 

Most  solid  animal  folB. 

Oerotio       - 

(C.,H^O)}o 

174 

... 

Beeewaz. 

MeHasio 

(C.oHgO)Jo 

192 

Beeswax. 

*  All  the  oily  aoida  are  not,  howerer,  comprised  in  this  group.    Oleic  add, 
for  example,  is  a  member  of  the  next  group. 
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621.  The  student,  on  ezAmining  the  table,  will  see  that 
each  member,  as  far  as  ratio  acid,  differs  from  the  one 
below  it  by  an  increase  of  CH,;  but  from  ratio  ap  to 
stearic,  they  increase  hj  C.H4.  It  is  generally  supposed 
by  chemists  that  Cj  H^  is  tne  true  rate  of  increase  m  the 
higher  terms  of  the  series,  and  these  do  not,  like  the 
lower  terms,  increase  by  OHt;  but  if  the  formula  of 
oerotio  acid  be  correct,  the  rate  of  increase  up  through  the 
whole  series  must  be  by  CHs.  Heintz  has  suggested, 
that  cerotic  acid  may  be  a  mixture  of  two  other  acids, 
since  he  finds  it  to  be  a  general  rule  that  a  mixture  of  any 
two  of  the  solid  acids  of  this  series  has  a  fusing  point  con- 
aidarably  below  that  of  either  of  its  components ;  ^d  the 
fofling  point  of  cerotic  acid  is  lower  than  one  would  expect 
for  an  acid  so  high  in  the  series. 

622.  The  mean  rise  of  the  boiling-point  in  the  acids  for 
each  additional  equiyalent  of  0H„  is  38*9°  F.  Their 
fdsing  or  melting  points  likewise  increase  with  the  increase 
in  the  quantity  or  carbon  and  Inrdrogen. 

623.  xhese  monobasic  acids  form  Both  neutral  and  acid 
salts*  with  the  alkalies.  Many  of  them  yield,  with  oxide 
of  lead,  not  only  the  neutral  salt,  but  also  basic  salts, 
which  contain  three  equivalents  of  oxide  of  lead  for  each 
equiyalent  of  add. 

624.  If  the  student  will  compare  the  table  of  the  first 
class  of  alcohols  with  this  table  of  acids,  he  will  see  that 
for  eyery  alcohol  there  is  a  corresponding  add ;  and  he  will 
also  see  that  the  alcohols  of  several  of  Uiese  acids  are  still 
undiscovered.  We  can  convert  the  alcohols  into  their 
eorresponding  acids,  but  we  cannot  yet  convert  the  acids 
into  their  corresponding  alcohols.f  That  is,  we  cannot  yet 
remove  the  oxygen  in  ue  acid,  and  replace  it  by  hydrogen, 
so  as  to  form  the  alcohol  of  the  acid,  although  we  can 
replace  the  hydrogen  in  the  alcohols  by  oxygen. 

625.  We  have  ahready  considered  (par.  466)  the  sub- 
stances into  which  these  acids  are  decomposed,  when  their 
alkaline  salts  are  submitted  to  the  action  of  a  galvanic 
current.    Kolbe,  who  studied  these  decompositions,  consi- 


*  We  hftTo  ab-Mdj  noticed  the  acid  soetatee  (608). 
•f  As  we  can  now  conTert  aldehydes  and  acetones  into  alooholt,  we  maj, 
broonrertasg  the  acids  into  one  or  other  of  these  bodies,  obtain  the  missing 
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dered  at  one  time  that  the  decomposition-products  jsroTed 
that  these  acids  are  conjugate  comiK)und8  of  oxalic  a^  and 
the  alcohol  radical  which  is  separated  daring  the  electro- 
lysis of  the  acid.  Acetic  acid,  tor  instance,  is,  on  this  view, 
oxalic  acid  coupled  with  methyl  [H  O,  (C,  H,)  C,  O,*} 
Grerhardt  and  Wurtx  regard  all  the  other  acids  of  the 
series  as  derivatives  of  formic  acid,  by  containing,  in 
place  of  the  non-basic  atom  of  hydrogen  in  formic  aisid* 
an  atom  of  one  of  the  alcohol  radicals,  as  ethyl,  butyl,  Ac 

626.  We  must  here  notice  some  new  and  yeiy  inte- 
resting methods  for  the  formation  of  these  acids.  Kolbe 
and  Schmitt  have  prepared  formic  acid  direct  firom 
inorganic  substances,  ror  they  have  transformed  carbanie 
acid  direct  into  formic  add,  which  they  did  in  the  following 
way : — They  placed  some  thin  shavings  of  potassium  in  m 
capsule ;  they  placed  the  capsule  under  a  bell  glass,  wldoh 
was  filled  with  carbonic  acid,  and  they  prevented  tlie 
access  of  air  into  the  bell  glass  by  letting  it  rest  in  a  bell 
of  lukewarm  water.  In  about  twenty-four  hours,  a 
mixture  of  bicarbonate  of  potash  and  formiate  of  potash 
was  formed.  The  reaction  is  produced  according  to  the 
following  equation : — 

627.  They  isolated  the  formic  acid  by  treating  the 
mixed  salts  with  sulphuric  acid,  and  distilling ;  neutral- 
izing the  acid  liquor  in  the  receiver  with  carbonate  of 
lead;  the  solution  of  the  lead  thus  obtained  gave  pure 
formiate  of  lead. 

628.  Sodium  furnished,  under  the  same  circumstances, 
a  less  quantity  of  formic  acid  than  the  potassium. 

629.  Wanldyn  has  prepared  acetic  acid  and  propionic 
acid  by  the  action  of  arj  carbonic  acid  on  sodium  methyl 
and  sodium  ethyl : — 

(1.)  NaCH,  +  CO,  =  C,H,0    j^ 

(2.)  NaC,H.-|-CO,=  C,H,0   )^ 

Nal^ 

630.  The  sodium  compounds  he  formed  by  adding 
sodium  to  zinc  methyl,  and  to  zinc  ethyl.    A  part  of  the 

•  The  old  atomic  weigbta  we  naedin  thit  foimaU  (0  cs  8,  C  s  6). 
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zinc  was  precipitated,  and  lie  got  a  double  compound  of 
the  Bodimn  and  zinc  compound ;  and  on  this  douole  com- 
pound lie  operated  with  the  carbonic  acid,  which  acts  only 
on  the  sodium  body,  the  zinc  compound  separating. 

631.  When  the  cyanides  of  the  alcohol  radicals  of  the 
first  class  are  heated  with  the  caustic  alkalies,  acids 
belonging  to  this  group  are  formed : — 

(C„H..+.).CN+|j0+g[0  =  ^»^>^-^[0+NH. 

632.  Substitution  qf  other  radicals  for  the  hydrogen  in 
the  radicals  of  the  acids. — The  hydrogen  in  the  acid  radi- 
cals can  be  replaced  by  chlorine,  bromine,  or  iodine.  We 
can  produce,  for  instance, — 

Monochloraoetic  acid.  Biohloncetic  aoid.         Trioblonoetic  acid. 

(C,H,C10) )  o       (C,HC1.0)  (  o       (C.C1.0)  i  Q 

633.  The  chloroconjugated  acids  are  most  frequently 
produced  by  the  direct  action  of  chlorine,  or  of  hyjjochlo- 
rous  acid,  upon  the  acids.  The  bromo  and  iodo  acids  are 
produced  by  the  action  of  bromine,  or  bromide  of  iodine, 
or  chloride  of  iodine,  upon  the  acids. 

634.  The  basicity  of  these  conjugated  acids  is  the  same 
as  that  of  the  normal  acids.  The  chlorine,  &c.,  is  not 
remored  by  a  salt  of  silver ;  the  presence  of  the  substi- 
tuted element  cannot  be  discoyered  without  destroying  the 
compound.  The  conjugated  acids  resemble  the  normal 
ones  in  their  characters. 

635.  Chlorine,  &c.,  can  not  only  be  substituted  for  the 
hydrogen  of  the  normal  acids,  but  we  can  also  substitute 
hydrogen  for  the  chlorine,  &c.,  of  the  conjugated  acids, 
and  80  reproduce  the  normal  acids ;  this  fact  proves  that 
the  substitution  of  one  element  for  another  in  a  chemical 
molecule  does  not  change  the  constitution  of  the  mole- 
cule. The  regeneration  of  the  normal  acids  from  the 
coniugated  ones  was  e£fected,  for  the  first  time,  by  M. 
Meisens,  upon  trichloracetic  acid,  by  means  of  an  amalgam 
containing  about  160  parts  of  mercury  for  every  one  part 
of  potassium.*    He  poured  an  aqueous  solution  of  the 

*  The  amalgam  is  employed  instead  of  pure  potassium,  in  order  to 
moderate  the  action;  it  has  also  this  adraatage  oyer  the  pure  metal,  it 
divides  the  potasatnm  more  completely. 
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oonjagated  acid,  or  the  potash  salt  of  the  acid,  upon  the 
amalgam ;  at  the  moment  of  the  mixture  the  temperatuxe 
is  considerably  elevated ;  if  the  solution  is  yery  concen- 
trated, a  saline  solid  is  formed  in  ^reat  abundance.  Whe- 
ther the  liquid  was  neutral  or  acid  to  commence  with,  it 
becomes,  during  the  transformation,  strongly  alkaline ; 
and  if  a  slight  excess  of  the  conjugated  compound  in  pro- 
portion to  tiie  potassium  is  employed,  there  is  not  a  trace 
of  gas  disengaged  during  the  whole  of  the  reaction,  and 
the  change  is  effected  in  a  yery  short  time.  The  saline 
mass  is  composed  of  acetate  of  potash,  mixed  with  chloride 
of  potassium  and  caustic  potash. 

636.  The  reaction  which  takes  place  may  be  thus  ex- 
pressed : — 

(1.)  3  (^^  O)  +  3  KK  =  3  (^  J  O)  +  3  HK 
(2.)(C.aO)^  Q  -h  3  HK  =  (^«^»^^[  0  +  3KC1* 

637.  If  we  distil  the  alkaline  salts  of  these  acids  with 
an  excess  of  potash,  we  obtain  a  member  of  the  marsh 
gas  series,  ana  carbonate  of  potash  is  left  in  the  retort. 
Example : — 

638.  If  we  distil  trichloracetate  of  potash  with  an  excess 
of  potash,  we  get  chloroform  and  carbonate  of  potaah. 
thus : — 

(C.a.O)o  +  Kjo^cHci.  +  <co);^o, 

639.  Chloroform  and  marsh  gas  (hydride  of  methyl)  are 
corresponding  chemical  bodies ;  we  can  convert  the  marsh 
gas  into  chloroform  by  the  action  of  chlorine ;  this  is 
another  proof  that  the  substitution  of  one  element  for 

*  The  chlorine  may  either  be  removed  at  once^  or  we  maj  suppose  that 
the  trichloracetate  passes  into  bichloraoetato,  this  into  monoolUoraoetata, 
and  this  last  into  normal  acetic  acid. 

Zinc  can,  at  least  in  some  oases,  remove  chlorine  and  sabstitute  hydiogCB, 
thos  regenerating  from  the  coig  agate  oompoond  the  normal  acid. 

Sometimes  the  exchange  of  the  second  atom,  and  especiaUj  of  the  third 
atom  of  chlorine  is  effected  with  more  difficulty  than  the  exchange  of  the 
first  atom.  This  proves,  I  think,  that  the  biehlor>compounds  do  not  pass  at 
once  into  the  normal  acid,  bat  gradually,  by  Uie  soooeeaive  replacement  of 
each  chlorine  atom. 
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another  in  a  chemical  molecule  does  not  change  the  con- 
stitution of  the  molecule. 

640.  In'  some  of  the  higher  members  of  the  series  an 
atom  of  hj^drogen  in  the  riulical  can  be  replaced  by  N  O^; 
this  substitution  will  be  noticed  at  further  length  in  the 
third  series  of  adds. 

641.  In  several  of  these  acids  one  or  two  atoms  of 
hydrogen  in  the  radical  can  be  replaced  by  SOi;  this 
substitution  will  be  noticed  at  further  length  in  the  third 
series  of  acids. 

642.  2^  acid  anhydrides.^ The  anhydrides  of  the 
organic  monobasic  acids  are  produced  by  the  reaction  of 
the  chlorides  of  the  acid  radicab  upon  the  alkidine  salts 
of  the  corresponding  acids : — 

(C,H.O)  j  o  +  CI,  C,H.O  =  ^cIhIo^  j  O  +  KCl 

Two  different  radicals  can  replace  the  two  atoms  of 
hydrogen  in  the  molecule  of  water ;  we  then  get  mixed 
anhydrides.    Example :— * 

Anhydride  aoato-ben«riqu6. 

(C,H.O)  j  o  +  CI,  C,H.O  =  3;g'g  j  O  +  KCl 

643.  We  can  ako  obtain  the  anhydrides  by  acting  upon 
the  alkaline  salts  of  the  corresponding  acids  with  oxy- 
chloride  of  phosphorus ;  there  are,  as  it  will  be  seen,  two 
dWerent  stages  in  the  reaction ;  there  is,  first,  the  forma- 
tion of  the  chloride  of  tile  acid  radical,  and  then  the 
formation,  by  the  action  of  this  chloride,  of  the  acid  anhy* 
^de: — 

(1.)  3  (^»f  »^  j  0)+  C1„P0=3  (CI,  C. H,  O)  +  ^^g"  j  O. 

(2.)  3(^»J*^  I  0)+3(Cl,C,H.O)=3(g-g;g  j  0)+3KCl 

644.  The  anhydrides  of  the  monobasic  organic  acids 
are  liquid  or  solid ;  when  they  contain  only  one  radical 
they  are  generally  volatile  without  decomposition.  The 
anhydrides  containing  two  different  radicals  (the  mixed 
anhydrides^  are  decomposed  by  heat  into  two  anhydrides, 
each  oontaming  but  one  radical : — 
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^VC,H.O  1  ^J  -  C,H,0  1  ^  +  C,H.O  1  ^ 

645.  The  anhydrides  of  the  monobasic  organic  acids  ue 
little  soluble  in  water ;  they  are  concerted  more  or  lest 
rapidly,  vmder  the  influence  of  this  liquid,  into  the  hydrated 
acids  (acids  proper) ;  the  presence  of  an  alkali  deter- 
mines promptly  this  transformation. 

646.  Ether  oissolyes  these  anhydrides  without  alten- 
tion ;  alcohol  also  dissolyes  them,  but  a  yery  little  of  the 
ether  salt  of  the  acid  is  formed. 

647.  In  contact  with  ammonia,  the  anhydrides  of  ihs 
monobasic  organic  acids  giye  neutral  amides. 

648.  Substitution  (^  oxvgen  in  the  acids  proper  and  iU 
anhydrides  by  sulphur,  J^c— Sulphur  can  be  exchanged 
for  the  oxygen  in  tne  acids,  by  actmg  upon  them  with  per- 
sulphide  ofphosphorus.    Example : — 

ThioDAoetio  add. 

6((C.H.O)lo)  +  p,s.  =  5((C.H,0)|s)+p,o. 

These  acid  sulphides  form  salts  with  the  bases  like  the 
oxygen  acids. 

649.  The  anhydrides  of  the  sulphur  acids  can  be 
obtained  by  the'  two  following  methods  : — 1.  By  acting 
upon  the  chlorides  of  the  acid  radicals  with  the  sulphur 
bases ;  2.  By  acting  upon  the  oxygen  anhydrides  with 
persulphide  of  phosphorus.    Exampks : — 

(1.)  2  (CI,  C.H.O)  +  pb  i  S  =  2  Pb  CI  4-  g»g;g  I S 

(2)5(c;H;oi^)  +  ^'8.  =  6(g|;g|s^^ 

660.  As  these  acids  are  met  with  constantly,  both  in 
animal  and  yegetable  products,  and  as  they  seldom  occur 
singly,  we  will  describe  the  methods  usually  employed 
for  their  separation.  When  the  presence  of  these  aci&  is 
indicated,  we  haye  first  of  all  to  ascertain  whether  more 
than  one  acid  is  present.  One  of  two  physical  tests,  the 
boiling  point  or  melting  point,  is  usually  employ^  to 
ascertain  this.  If  the  acid  substance  is  liquid  at  the  com- 
mon temperature,  we  detennine  the  boiling  point ;  if  this 
does  not  s^ee  with  the  boiling  point  of  any  of  the  known 
acids,  or  £>es  not  differ  from  the  boiling  point  which  is 
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nearest  by  about  38*9*^  E.,  or  some  multiple  of  that  num- 
ber, we  may  almost  conclude  with  certainty  that  more  than 
one  acid  is  present.  We  must  then  adopt  either  Heintz's 
method  (652),  or  Liebig's  method  (655), for  their  separation. 

651.  If  the  acid  substance  is  solid  at  the  common  tempe- 
rature, we  determine  its  melting  point ;  we  then  crystal- 
lize it  from  hot  alcohol  or  ether,  and  again  determine  the 
meltine  point  of  that  portion  which  has  been  deposited 
from  the  alcohol;  if  the  melting  points  of  the  purified 
and  unpurified  portion  are  the  same,  we  infer  that  only  . 
one  acid  is  present,  but  in  order  to  be  perfectly  certain, 
it  is  better  also  to  examine  the  substance  according  to 
Heintz's  method  (652) ;  but  if  the  melting  points  are  not 
the  same,  we  continue  to  recrystallize  the  substance  from 
alcohol  xmtii  we  get  a  constant  melting  point.  When 
this  is  accomplished,  we  may  analyse  this  portion  in  the 
usual  wajr. 

652.  The  method  of  Heintz  is  based  upon  the  following 
fact,  that  when  a  mixture  of  substances  is  treated  with  a 
substance  for  which  they  aU  haye  affinity,  but  not  in  suffi- 
cient quantity  to  saturate  the  whole,  those  whose  affinity 
is  greatest  will  of  course  enter  into  combination  with  the 
substance.  Heintz  dissolves  the  fatty  acids  in  so  much 
boiling  alcohol  that  no  separation  takes  place  on  cooling ; 
to  the  boiling  solution  an  alcoholic  solution  of  acetate  of 
lead  is  added  in  small  Quantities  at  a  time,  in  the  propor- 
tion of  a  third  part  oy  weight  of  the  acid  mixture. 
Should  a  precipitate  form  in  we  boiling  solution,  some 
acetic  acid  is  added  imtil  the  solution  mis  again  become 
clear ;  it  is  then  allowed  to  cool,  the  precipitate  which 
forms  brought  upon  a  filter  and  pressed.  The  liquid 
filtered  from  the  precipitate  is  mixed  with  a  small  excess 
of  an  alcoholic  solution  of  acetate  of  lead,  filtered,  and  the 
precipitate  likewise  submitted  to  pressure. 

653.  The  lead  salts  obtained  in  this  manner  are  decom- 
posed, either  by  boiling  them  in  very  dilute  hydrochloric 
acid,  or,  as  this  decomposition  proceeds  very  slowly,  on 
account  of  the  sparin«{  solubility  of  chloride  of  lead,  b^ 
bdling  them  in  hot  alcohol,  to  which  some  hydrochloric 
acid  is  added ;  the  alcoholic  solution  of  the  fatty  acids  thus 
obtained  must  subsequently  be  boiled  with  caustic  potash, 
on  account  of  the  possible  formation  of  the  ether  of  the 
fatty  acids,  and  after  the  alcohol  has  been  expelled  by 
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eyaporation,  the  pokaah  eoap  must  be  decomposed  hj 
hyorochlorio  aoid. 

654.  If  tlie  two  portions  thus  obtained  have  not  tiie 
same  meltinspoint,  each  of  these  portions  (which  we  shall 
call  A  and  J3,  in  order  to  render  the  description  mon 
intelligible)  is  again  separated,  by  the  fractional  precini- 
tation  with  acetate  of  lead,  into  two  portions ;  and  if  us 
two  portions,  into  which  the  A  portion,  and  the  two  por- 
tions, into  which  the  B  portion,  haye  been  divided,  hare 
not  the  same  melting  pomt,  each  of  these  portions  mnst  be 
separated  by  the  fractional  precipitation  into  two;  tie 
operation  is  repeated  until  the  ttoo  portions,  into  tehiek  a 
previous  portion  has  been  divided,  have  the  same  meUing 
point.  After  each  fractional  precipitation,  the  acid  ooglU 
to  be  re-dystallized  from  alcohol,  oefore  determining  the 
melting  pomt.* 

655.  laebig's  method  consists  in  partially  saturating  iA» 
acid  solution  with  potash,  and  then  separating  by  (Sstil- 
lation  the  unneutralized  from  the  neutralized  portion.  It 
is  thus  performed : — The  mixture — say  of  butyric  and  Tsle- 
rianic  acids — ^is  divided  into  two  portions,  one  of  which  is 
neutralised  with  potash  or  soda ;  the  other  portion  of  the 
acid  is  then  added  to  the  neutralized  nortion,  and  the 
whole  subjected  to  distillation.  One  or  two  cases  wUi 
now  occur, — if  the  valerianic  acid  in  the  mixture  amounts 
to  more  than  is  sufficient  to  neutralize  the  whole  of  tiie 
alkali,  the  residue  contains  no  butyric  acid,  but  pure 
valerianic  acid.  If  the  quantity  of  the  valerianic  acid  be 
less,  a  proportionate  amount  of  butyric  acid  is  left  with 
the  whole  of  the  valerianic  acid  in  the  residue ;  but  the 
distillate  consists  of  pure  butyric  add. 

656.  The  quantity  of  the  mixed  acids  which  is  neutzal- 
ized  with  alkali,  must  be  measured  by  the  amount  of  tiis 
valerianic  acid  supposed  to  exist  in  the  mixture.  For 
instance,  assumiDg  ten  per  cent,  of  valerianic  acid,  theiL 
one-tenth  of  the  mixture  is  neutralized ;  but  supposing  it 
to  be  a  valerianic  acid  containing  ten  per  cent,  of  butyric 
acid,  which  it  is  wished  to  separate,  then  nine-tenths  of 
the  acid  must  be  neutralized. 

657.  It  is  readil^r  perceived  that  by  a  single  operation 
one  of  the  acids  is  always  obtained  pure.     Either  Ihe 

*  The  Btudent  will  And  Hemts's  paper  on  the  lepftnUion  of  the  fatty  acid* 
in  the  CAcancoi  QoMttU,  toL  ix. 
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distillate  is  pore  butyric  acid,  and  then  the  residne  consists 
of  a  mixture  of  yalerianic  and  bntyrio  acids,  or  the  distil- 
late contains  butyric  and  yalerianic  acids  at  the  same  time, 
and  in  this  case  the  residue  contains  pure  valerianic  acid. 
By  continuing  the  same  treatment  of  the  mixed  residue  or 
of  the  mixed  distillate,  •'.  0.,  partial  saturation  and  distil- 
lation, it  is  possible  to  obtain  from  the  residue  another 
portion  of  one  or  other  of  the  acids  pure ;  and,  finally,  a 
perfect  separation  is  effected,  such  as  is  scarcely  possible 
uy  mere  distillation  of  the  acids. 

658.  As  the  boiling  points  of  these  two  acids  differ,  it 
will  be  imagined  that  tne  soda,  on  combining  with  the  least 
Tolatile  of  the  acids,  the  yalerianic,  depriyes  it,  by  neutral- 
izing it,  of  its  yolatility  at  the  temperature  at  which 
the  other  acid  in  the  mixture  boils,  and  consequently  the 
butyric  acid  can  be  distilled  off  in  a  pure  state,  whilst  the 
neutralised  yalerianic  acid  remains  behind  in  the  retort. 

059.  A  mixture  of  yalerianic  with  acetic  acid,  or  of 
butyric  with  acetic  acid,  behayes  in  a  totally  different 
manner  under  the  same  circumstances.  When  such  a 
mixture  is  partially  neutralized  wi^  potash,  and  then 
submitted  to  distillation,  it  would  be  expected  that  acetic 
acid,  on  account  of  its  lower  boiling  pomt,  would  princi- 
pally pass  oyer.  Such,  howeyer,  is  not  the  case ;  but  the 
two  other  acids  distil  oyer,  although  the  boiling  point  of 
aoetio  acid  is  more  than  90^  F.  lower  than  that  of  butyric 
add,  and  more  than  126°  lower  than  that  of  yalerianic 
acid.  This  is  owing  to  the  formation  of  an  acid  acetate, 
which  does  not  appear  to  be  decomposed  by  either  of  the 
other  two  acids. 

660.  If  yalerianic  acid  is  added  to  a  solution  of  neutral 
acetate  of  potash,  it  instantly  dissolyes,  and  in  larjj^e 
ouantity.  In  binacetate  of  potash,  the  yalerianic  acid 
floats  in  oily  drops  upon  the  surface,  and  appears  not  to 
dissolve  therein  to  a  greater  extent  thui  in  water.  If  a 
solution  of  neutral  acetate  of  potash,  to  which  an  excess  of 
yalerianic  acid  has  been  added,  is  submitted  to  distillation, 
yalerianic  acid  passes  oyer,  and  the  residue  contains  bin- 
acetate  of  potash,  together  with  yalerianate  of  potash.  If 
yalerianic  acid  is  added  to  binacetate  of  potash,  and  the 
mixture  distilled,  yalerianic  acid  passes  oyer,  and  the 
binacetate  is  left  in  the  retort  free  from  yalerianic  acid. 
Butyric  acid  behayes  precisely  like  yalerianic  acid.  While, 
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therefore,  butyric  or  valerianic  acid,  containing  acetk 
acid,  is  partially  saturated  with  ^wtash,  and  distilled, 
either  the  whole  of  the  acetic  acid  is  left  as  an  acid  salt, 
together  with  butyric  acid,  and  in  this  case  the  add 
which  passes  over  is  pure,  and  free  from  acetic  acid,  or 
only  acetic  acid  is  left  in  the  residue ;  and  in  this  case  the 
distillate  still  contains  acetic  acid,  which  can  be  separaled 
from  the  butyric  or  valerianic  acid  by  a  similar  operation.* 
661.  Determination  of  the  melting  point  of  fusible  oraamie 
bodies, — We  shall  here  describe  the  method  for  deter- 
mining the  melting  or  freezing  of  organic  substances,  when 
only  a  small  quantity  of  the  substance  is  available  for 
experiment.  The  temperature  at  which  a  body  melts 
comcides  in  general  with  the  tem- 
perature at  which  it  becomes  solid 
after  it  has  been  melted;  it  is 
therefore  advantageous,  in  deter- 
mining the  melting  point  of  any 
body,  to  determine  also  the  tempe- 
rature at  which  it  solidifies.  If  me 
temperature  at  which  the  body  melts 
and  that  at  which  it  solidifies  do  not 
coincide,  the  melting  point  should 
be  taken  as  the  physical  constant, 
rather  than  the  freezing  point,  for  the 
reasons  explained  in  the  foot-note.f 

662.   The  apparatus    represented 
in  Fig.  19  will  oe  frequently  found 
^^^'  ^^' very  convenient  for  determining  the 

•  "  On  the  Sepwfttion  of  aome  Aoida  of  the  Series  ^  ^"'h  »  ^  I O."  Bf 
Baron  Liebig.    Liebi^'s  Annalen.  Sept.,  184B,  or  8th  Tol.  CkewUeai  QtuHU, 

t  "  If  »  BODstanoe  in  the  liquid  form  is  cooled  below  the  temperature  at 
which  it  melta,  it  again  becomes  solid ;  and,  as  a  general  rule,  tne  tteemag 

Eoint  is  the  same  as  the  fireesing  point.    But  in  man^  cases  we  can  cool  a 
quid  sereral  degrees  below  its  melting  point,  without  its  scdidifying.    Tfaaf 
bj  keeping  water  perfectly  stiU,  we  can  succeed  in  cooling  it  to  6^  F.,  < 


to  1*4<'T.,  before  it  fVeeses.  U,  howerer,  when  in  this  condition,  we  drop 
into  the  water  an  angular  body,  like  a  piece  of  sand,  or  gentlj  jolt  tiie  reMcl 
containing  it,  congelation  beguis  at  once,  and  the  temperature  suddenly  rises 
to  32**.  This  singular  phenomenon  seems  to  be  caused  by  the  inertia  of  the 
particles  of  the  uquid,  and  is  exhibited  to  a  still  greater  degree  in  TJadd 
liquids,  like  the  fats,  where,  on  account  of  the  impenect  fluidity,  the  inertia 
is  greater.  Such  liquids  uniformly  do  not  begin  to  freese  until  they  are 
cooled  several  degrees  below  the  meldng  point ;  but  as  Bo<m  as  the  ehange 
commences,  the  temperature  at  once  rises  to  this  point.  It  has  been  noticed 
that  the  phenomenon  just  described  is  most  readily  produced  idien  the 
liquid  is  enclosed  in  a  capillary  tabe."~OM>lr'«  **  Ckemieal  i>jreM«.** 
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melting  or  freezing  point  of  many  organic  substances, 
especiaily  when  only  a  small  quantity  is  available  for  the 
experiment.  It  consists  of  a  water  or  oil  bath,  made  with 
two  beaker  {[lasses  (one  supported  within  the  other,  as 
represented  m  the  figure),  so  that  the  conduction  of  heat 
from  the  lamp  to  the  inner  ressel  may  be  as  uniform  as 
possible.  A  thermometer  (t)  in  the  inner  glass  giyes  the 
temperature  of  the  bath  at  each  instant;  and  the  sub- 
stance under  experiment,  enclosed  in  a  thin  capillary  glass 
tube  {c),  is  immersed  in  the  bath  at  the  side  of  the  mer- 
mometer.  By  slowly  heating  (by  means  of  a  spirit  or 
other  lamp)  and  then  allowing  the  bath  to  cool  slowly, 
it  is  easy  to  catch  the  exact  pomt  at  which  the  solid  melts, 
and  the  liquid  aeain  freezes;  and  the  experiment  can 
readily  be  repeated  a  great  number  of  times. 

SiscoifD  Class. 
(l%«  general  formula  qfthis  class  is,  ^°  ^*^ '  ^  }  ^0 

663.  With  the  exception  of  one  alcohol  and  one  aldehyde, 
the  alcohols  and  aldehydes  of  this  class  of  acids  are  yet 
un  discovered.  Ally  lie  alcohol  and  acrolein,  the  known 
alcohol  and  aldehyde,  are  the  alcohol  and  aldehyde  of 
acrylic  acid. 

664.  The  acids  of  this  class  correspond  in  their  physical 
properties  with  the  acids  comprising  the  first  class.  There 
18  tne  same  decrease  in  their  rolatilitv  and  solubility  as 
the  bodies  increase  in  atomic  weight.  The  higher  members 
of  this  class  caimot  be  distilled  without  undergoing  decom- 
position. 

665.  These  acids  possess  the  remarkable  property  of 
being  conyerted  by  peroxide  of  nitrogen  into  metameric 
acids,  which  require  a  much  higher  temperature  for  their 
fdsion  than  the  oily  acids  from  which  they  are  obtained ; 
the  metameric  acida  may  be  distilled  unchanged.  These 
acids  idso  absorb  oxygen  with  great  facility.  From  the 
difficulty  of  purifying  them,  on  account  of  their  indis- 
position to  crystallize,  from  the  substances  produced  by 
thia  oxidation,  the  inyestigation  of  these  acids  is  attended 
widi  considerable  difficulty.  This  clasq  of  acids  has  there- 
fore been  less  perfectly  studied  than  the  former  ckss. 

666.  Oleic  acid,  on  account  of  its  being  the  principal 
acid  in  moet  oils,  and  generally  a  constituent,  in  a  greater 
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or  less  degree,  of  fats  as  well  as  oils, — ^is,  on  account  of 
this  wide  distribution,  and  the  properties  of  its  gljoenne 
compound  (olein),  the  most  important  member  of  the  class. 
667.  The  following  table  contaiDs  the  names  of  the  acids 
of  both  isomeric  series  which  are  at  present  known.  The 
formulse  of  some  of  the  terms  will  probably  be  modified 
hereafter :— 


LlQTTID  AOID8. 

Fusing 
point. 

Origin. 

Aarjhc    -       - 

C.H.0     |o 

DirtilkdonofgfyooriBe 

Moringio-       - 

C»H„0|o 

32»F. 

Oil  of  ben 

C».H..O|o 

Spenmrhala 

Oleic        -       - 

C»H„0^0 

Br 

Non-diying  oils 

Doeglio    -       - 

C„H„o|o 

ez* 

The  BSgHng  whale 

Eraoio     -       - 

C..H„0}0 

83° 

HosUrd  seedukd  rapeMed 

Hbtahbuo  Solid  Acids. 


Aogelio 
Elaidic 


C.H,0     |o 
C».H..O|o 


Fusing 
point. 


113*»F. 
1130 


Origin. 


Angelica  root ;  it  is  also 

produced  bj  the  aetkm 

of  potash  upon  essence 

of  camomile 

Action  of  N  O,  on  oleic  aeid 


668.  The  acids  of  this  class  all  possess  the  characteristic 
reaction  of  breaking  up  into  acetic  acid  and  a  second  acid 
of  the  acetic  series,  wnen  gently  heated  with  hydrate  of 
potash,  hydrogen  being  at  the  same  time  eyolyed,  as  ii 
»hown  by  the  following  general  equation : — 

C.g»-.0|o  +  2(||o)=C.|.Ojo 

+  C.H,^.0  j  o  +  2  H 

669.  The  metamerio  acids  also  breaJc  np  into  acetic  teid 
and  a  second  acid  of  the  acetic  series,  when  heated  wid> 
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hydrate  of  potaah,  hydrogen  being  at  the  same  time 
eTolred. 

670.  Thifl  class  of  acids  has  been  so  little  studied,  that 
few  or  in  some  oases  no  experiments  haye  been  made  as 
regards  the  substitution  of  the  hydrogen  in  the  acids  by 
ot£er  radicals,  or  by  the  substitution  of  sulphur  or  other 
bodies  for  the  oxygen,  nor  have  their  alkahne  salts  been 
tubmitted  to  the  action  of  a  galyanic  current. 

671.  Before  concluding  our  observations  upon  this  class 
of  acids,  we  must  make  some  further  remarks  upon  oleic 
acid  and  its  compounds,  and  upon  the  metameric  acids. 

672.  "  Oleic  acid  forms  two  classes  of  salts,  neutral  and 
acid.  The  neutral  salts  of  the  alkalies  are  the  only  soluble 
oneB.  They  form  soaps,  and  by  the  evaporation  of  l^eir 
aqueous  solution  they  may  be  obtained  in  the  condition  of 
an  amorphous  mass.  Oleate  of  potash  forms  a  soft  soap, 
which  is  the  chief  ingredient  in  l^aples  soap.  Oleate  of 
soda  is  a  hard  soap,  and  enters  largely  into  the  composition 
of  Marseilles  soap.  The  acid  oleates  of  the  alkalies  are 
liquid  and  insoluble.  The  metallic  oleates,  such  as  those  of 
copper  and  lead,  are  soluble  in  cold  anhydrous  alcohol  and 
in  ether ;  they  are  thus  separable  from  the  stearates  and 
palmitates,  which  are  insoluble  in  these  liquids." — Miller, 

673.  Oleic  acid  cannot  be  distilled  without  imdergoing 
decomposition;  a  large  quantity  of  liquid  and  gaseous 
hydrocarbons  is  given  on,  besides  acetic,  caprybc,  and 
capric  acids,  and  probably  other  acids  of  the  acetic  series ; 
but  the  most  characteristic  product  is  the  bibasic  acid, 
aebadc  acid,  the  presence  of  wnich  in  the  products  obtained 
by  distilling  any  oil  is  a  sure  test  of  the  presence  of  oleine 
in  that  oil. 

674.  ''When  oleic  acid  is  subjected,  in  a  capacious 
retort,  to  the  action  of  a  large  excess  of  nitric  acid,  of 
n>.  ffr.  1-42,  diluted  with  an  equal  bulk  of  water,  it  gra- 
dually disappears,  producing  a  copious  evolution  of  nitrous 
fumes,  attended  with  a  violent  reaction.  The  results  of 
the  decomposition  are  very  complicated,  but  the  products 
obtained  by  this  method  of  oxidizing  oleic  aoia  present 
cQnsiderable  interest,  since  they  contain,  according  to 
Bedtenbacher,  all  the  terms  of  the  homologous  series  of 
the  fatty  acids,  from  the  acetic  to  the  capric  acid  inclusive, 
these  acids  being  found  in  the  distillate ;  whilst,  accord- 
ing to  Laurent,  four  fixed  acids  are  left  in  the  retort,  and 
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these  form  contiguous  terms  of  a  group  of  homologoos 

dibasic  acids  of  the  general  formula,  (^»^»g-*  ^J'  \  Q^ 

The  quantity  of  the  volatile  acids  is  creater  when  the 
nitric  acid  used  is  yer]r  concentrated ;  if  it  be  more  dilute, 
that  of  the  fixed  acids  is  increased.  The  fixed  acids  which 
remain  in  the  retort  are  the  following : — 

Suberic  acid  ...        -  (^»  3|"  ^*)' |  O, 

Pimelicacid   ....  (^']^"^»)'    O, 

Adipicacid     ....  (^•g|^»)'|o, 

Lipicacid       ....  (C.H.O,)'  j  ^^ 

It  is  interesting  to  remark  that  another  acid  of  thb  group, 

-viz.,  the  sebacic  acid,  '   ^*^^"    '^  |  O2,  is  a  characteristic 

product  of  the  distillation  of  oleic  acid ;  and  succinic  acid, 

^  ^  t/    '^  I  On  which  is  one  of  the  most  frequent  products 

of  the  action  of  nitric  acid  upon  the  series  of  fatty  acids, 
is  the  next  term  below  the  lipic  acid."*  These  dibasic 
acids  will  be  described  in  their  proper  place. 

675.  Oleic  acid  and  oleine,  or  oils  containing  oleine,  are 
rapidly  solidified  by  contact  with  nitrous  acid,  or  with  a 
solution  of  nitrate  of  mercury,  which  yields  nitrous  acid* 
the  solidification  being  due  to  the  conversion  of  oleic  acid 
into  the  solid  metamerio  acid — elaidic  acid.  The  cause  of 
this  remarkable  chauge  is  xmknown ;  the  oleic  acid  yields 
an  equal  weight  of  elaidic  acid ;  the  nitrous  acid  appears 
to  undergo  no  chao^e,  and  only  a  very  small  quantity  is 
required,  not  exceedioff  ^  of  the  weight  of  the  oleic  acid. 

676.  Although  no  uquid  acid  of  the  composition  of 
angelic  acid  has  yet  been  discovered,  and  therefore  it  has 
not  yet  been  ascertained  whether  angelic  acid  could  be 
prepared  like  elaidic  add,  by  acting  upon  a  liquid  acid  of 
the  same  composition  as  itself  by  means  of  nitrous  acid, 
yet,  from  its  high  fusing  point,  and  from  its  diatillmg 
without  decomposition,  it  is  considered  to  belong  to  the 
elaidic  group. 

•  ICmw't  •'  EUvnenti  of  Chemiitry/'  vol.  iii. 
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Thibd  Class. 
(General formula,  C-H^^'^  J  O.) 

677.  In  the  jnioe  of  the  mmpe  berry  of  ihe  mouhtain 
ash  there  exists  a  volatile  acid,  along  with  malio  acid. 
This  acid  Hofmann  has  recently  examined.  It  oonstitntes 
a  transparent,  oily,  colourless  liq  aid,  of  a  peculiar  aromatio 
odour,  not  unpleasant  when  duute,  but  rather  disagree- 
able and  almost  oyerpowering  when  concentrated.  An 
analysis  of  its  silyer  salt  led  to  the  following  formula  for 
the  acid : — 

C.H,Ojo 

When  this  oily  acid  is  gently  heated  with  Bolid  hydrate 
of  potash,  an  unexpected  transformation  takes  place.  The 
product  of  the  reaction,  dissolyed  in  water,  and  saturated 
with  hydrochloric  acid,  furnishes  an  oil  which  rapidly 
solidifies  into  a  harfl  crystalline  compound^  possessing  the 
characters  of  a  well  diefined  add.  This  obserration  at 
once  suggested  to  Hofmann  the  idea  of  aldehyde  and  acid, 
but  it  was  found  that  the  transformation  takes  place 
without  the  cTolution  of  a  trace  of  hydrogen.  Several 
{;rammes  of  the  oil  were  heated  for  two  or  three  hours 
m  a  sealed  tube  with  hydrate  of  potash,  in  a  water  bath. 
Not  a  trace  of  gas  was  disengaged  when,  after  coolii^, 
the  tube  was  opened  under  water,  but  the  oil  was  almost 
entirely  converted  into  the  crystalline  acid.  The  same 
molecular  transformation,  as  might  have  been  expected, 
is  produced  by  the  action  of  acids.  On  boiling  the  oil  for 
a  short  time  with  concentrated  hydrochloric  acid,  it 
becomes  more  and  more  viscid,  and  ultimately  solidifies. 
A  similar  result  is  produced  by  sulphuric  acid.  The  oily 
acid  dissolves  in  conoentratea  sulphuric  acid;  the  oil, 
which  re-precipitates  on  addition  of  water,  gradually 
becomes  a  solid  crystalline  mass. 

678.  The  mode  of  forming  the  new  add  suggested  the 
mbability  of  its  being  isomeric  with  the  onginal  oil. 
This  suggestion  has  been  fully  borne  out  by  experiment, 
fiofinann  has  designated  the  solid  add  sorbic,  a  name 
once  used  for  malic  add,  and  the  oily  acid  parasorbic  acid. 
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679.  The  formula  of  the  aoid  is  the  same  as  that  of  the 
oily  acid,  viz. :— 

C.H,Ojo 

680.  Sorbic  acid  is  obyiooslj  the  first  term  of  a  new 
series  of  well  characterised  organic  acids,  closely  allied 
with  the  ordinary  fatty  and  aromatic  acids,  occupying,  in 
fact,  a  sort  of  intermeoiate  position  between  the  two.  On 
comparing  sorbic  acid  witk  the  terms  of  the  fatty  and 
aromatic  acid  series,  containing  an  e(fial  number  of  carbon 
e<^uiTalent8,  the  hydrogen  of  sorbic  add  stands  in  the 
nuddle. 

CsproicEcid.  Borbic^dd.  ^^^^^ 

C.HuOjo  C.H,0|q  C.H.OJQ 

681.  The  same  remark  applies  to  the  carbon,  if  aorbie 
acid  be  contrasted  with  the  fatty  and  aromatic  acids» 
containing  an  equal  number  of  hyorogen  equiyalenta : — 

Balyrio  acid.  Sorbio  acid.  Toloio  acid.* 

C.H,Ojo  C.H,0|o  C.H,Ojo 

FouBTH  Class. 
(The  general  formula  qf  this  class  is  ^«^«-j  •  ^  \  O.) 

682.  The  physical  characters  of  the  acids  of  this  class 
are  different  to  those  of  the  first  two  classes ;  they  are 
solid  and  crystalline  at  the  ordinary  temperature,  they 
are  sublimed  by  heat,  and  are  only  slightly  soluble  in  oold 
water;  they  are  called  the  aromatic  acids.  At  present 
we  only  know  three  acids  of  this  group ;  they  are  the 
following : — 

Benzoic  acid        -        -       -        -    ^'h^I^ 

Toluicacid ^•^'^|0 

Cuminicacid        -        -        -        -^"]|"^|o 

*  Dr.  A.  W.  Hoftnann,  "  On  Kew  YolatQe  Orgaaio  Aoids  of  the  Mmmtam 
Aah  Berry,"  yd.  xii.,  Q^aiierljf  Journal  qftiie  Chemical  Sod^, 
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683.  These  acids  are  prodaced  by  the  oxidation  of  their 
alcohols  (alcohols  of  the  third  class),  also  b^  the  oxidation 
of  their  aldehydes  (aldehydes  of  the  third  class),  and 
sometimes  by  the  oxidation  of  the  hydrides  of  their  alcohol 
radicals.  Benzoic  acid  exists  in  gum  benzoin ;  it  also 
occurs  in  the  urine  of  herbiyorous  animals,  under  certain 
circumstances. 

684.  Substitution  qf  the  hydrogen  in  the  acids  by  other 
rcuticals, — Monochlor,  bichlor,  and  trichlor  benzoic  acids 
haye  been  obtained,  and  similar  compounds  could  also  be 
obtained  with  the  other  two  acids.  Monobrominated  ben- 
zoic acid  has  likewise  been  formed. 

685.  We  haye  seen  that  some  of  the  hydrogen  in  the 
radicals  of  the  alcohols  corresponding  to  this  class  of  acids 
can  be  replaced  by  N  O,  and  S  O3 ;  some  of  the  hydrogen 
in  these  acids  can  also  be  replaced  by  the  same  radi(^. 
If  we  boil  these  acids  with  an  excess  of  nitric  acid,  the 
flicid  dissolyes  with  a  red  colour,  and  binoxide  of  nitrogen 
ifl  diBengaged.  If  the  boiling  is  continued  for  some  hours, 
the  formation  of  the  gas  keens  constantly  decreasing,  and 
at  last  ceases,  and  the  coloration  of  the  liquid  dis- 
appears; the  solution  deposits,  when  cold,  crystals  of 
the  acid,  in  which  one  atom  of  hydrogen  has  been  replaced 
by  K  Os ;  the  general  formula  of  these  acids  is,  therefore, 
Cr.NO„  H,„,,oO  I  Q     ^1^^  basicity  of  the  acid  is  not 

altered  by  this  replacement;  it  is  stiU  monobasic* 

686.  When  an  alcoholic  solution  of  these  nitroaoids  is 
saturated  with  ammonia  and  sulphuretted  hydrogen,  this 
latter  body  decomposes,  and  is  decomposed  by  the  N  Oi 
in  the  acid ;  sulphur  is  deposited,  water  formed,  and  N  O^ 
becomes  conyerted  into  ITHa.  The  following  changes,  for 
instance,  take  place  when  nitrobenzoio  acid  is  acted  upon 
by  sulphuretted  hydrogen : — 


*  Sereral  acids  of  the  first  dsss  {taMj  aoid  series)  also  fornish  nitro<«cids 
idken  treated  wi^  fuming  xiitrio  add ;  such,  for  example,  as  the  following  :— 

ITitropropiomo  acid C,^(NO,)0)q 

Kitrobutyiic  aoid C.H^(NO.)o|q 

Nitroralerioacid C.H^(NO.)0|o 
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C,H.(NOJOjo^8^H|g^^CH.(NHJOjo  + 

2(g|0)+3S; 

The  oonstitntion  of  the  olasB  of  bodies  to  which  benn- 
mic  acid  belongs  is  still  under  discussion :  they  aare  gene» 
rally  yiewed  as  monamines.    Benzamio  acid,  according  to 

C,H.O,) 
this  view,  is  fonnnlated  thtis : —    H       >  N.  Hofinaiuiiis 

H      ) 
of  opinion  that  they  majr  be  equally  well  regacrded  aa  amidie 
acios  (716),  and  that  this  latter  view  is  supported  by  maaT 
important  facts.    Bencamio  add,  yiewed  as  an  ami(Me  ado, 
would  be  formulated  thus :— ^^'  H*  O) "  H,  N  ^  q     j^ 

student  will  see,  by  this  example,  that  if  these  bodies 
are  yiewed  as  amidie  acids,  we  must  assume  they  oontani 
a  diatomic  radical.    (See  also  par.  717.) 

687.  If  we  heat  to  60°  or  60^  C.  a  mixture  of  oaneen- 
trated  sulphuric  acid  and  frmiing  nitric  acid,  then  add  by 
demes,  and  only  sinall  fragments  at  a  time,  one  of  tbeae 
aoios,  immediately  a  reaction  is  manifested  by  the  disen- 
gagement of  gas,  and  the  solution  of  the  add.  When  the 
solution  is  complete,  it  is  gently  heated  until  the  liquid 
commences  to  be  troubled ;  water  is  then  added  to  the 
acid  liquid,  and  it  is  subsequenti^r  left  to  cool.  A  solid 
add  separates,  which  can  be  punfied  by  crystallixation 
firom  alcohol.  This  solid  acid  is  a  binitroacid,  in  whicb 
two  atoms  of  hydrogen  in  the  add  radical  have  been 
replaced  by  two  atoms  of  N  0|.  The  basicity  of  the  add 
is  not  altered  by  this  replacement ;  it  is  still  monobade. 

688.  When  anhydrous  sulphuric  acid  is  brought  into 
contact  with  the  normal  or  monohydrated  monobasio 
organic  acids,  one  atom  of  SOt  replaces  one  atom  {d 
hydrogen  in  the  add  radical ;  the  sulphoconjugated  add 
thus  produced  is  bibauc ;  examples  :«* 

Aoetio  acid.  Bulphftoetio  ftcid. 

(i)c.H.9jo+80.o=C'g;<so«)Ojo. 

Benioio  acid. 

(2.)  C,H.Ojo  +  go^o^C,H.(SO.)Ojo^ 
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680.  These  sulphoacids  can  also  be  formed  by  treatm^ 
the  amides  or  nitrides  of  the  series  with  filming  solphnric 
acid;  examples: — 

(l.>  CAN0+2(Sg|  j  O.)  =  C«H.(SO.)0  I Q^ 


+ 


(NHJH 


(SOJ" 

Bensonitnle. 


|o. 


(2.)  C.H.N+H  |o+2(Sg;|o.)  =  ^'^*(Sgf 0|0. 

^(SO,)"  J  • 
690.  If,  after  the  addition  of  the  sulphuric  acid,  the 
solution  is  heated,  another  series  of  sulphoacids,  alone 
with  tiiose  we  have  just  described,  is  formed ;  this  second 
series  contains  two  equiralents  of  S  Ot»  but  onl^  one  equi- 
yalent  of  H  has  been  removed ;  the  introduction  of  the 
second  equivalent  is  attended  with  the  partial  destruction 
of  the  original  body,  as  the  reaction,  is  attended  with 
the  evolution  of  carbonic  acid:  Hofmann  and  Buckton,  who 
have  extended  our  knowledge  of  these  compounds,  consider 
they  are  compounds  composed  of  a  member  of  the  marsh 

SM  family  with  anhydrous  sulphuric  acid,  and  they  term 
em  duulphO'Ocids.  We  wiu  contrast  the  reaction  of 
fuming  sulphuric  acid  on  propionitrile  in  the  formation 
of  a  sulphoacid,  both  of  the  first  and  second  series. 

Mrst  Series.— ' 
Piropionitrile. 

Second  Series: — 
Propioiiitrile. 

CH.N+S(80.  j  o.)=C.B5(SO.).  |  ^^^^  0.+  j^^^^  j  ^^ 

j891.  The  anhydrides  of  these  monobasic  acids  are  ob- 
tained in  the  same  ways  as  those  of  the  first  class. 

692.  Oxidation  of  cuminic  acid. — If  cuminic  acid  is 
boiled  with  a  mixture  of  sulphuric  acid  and  bichromate  of 
potash,  it  becomes  transformed  into  a  bibasic  acid,  which 
nas  been  designated  insolinic  acid;   this  new  acid  is 
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derived  from  cuminic  acid  by  the  oxidation  of  part  of  its 
carbon  and  hydrogen,  oxygen  being  at  the  same  time 
fixed. 

CioHuO  j  o  +  60  =  CO.  +  2H.0  +  ^'hI^'}  O, 

This  acid  ia  noticed  in  its  proper  place  amongst  the 
bibasic  acids.  Attempts  have  been  made  to  prepare  o(»r- 
responding  acids,  by  the  same  treatment,  from  oilier 
members  of  the  cnminic  group,  but  hitherto  without 
success. 

693.  Changes  by  distUlaiian, — ^When  the  salts  of  any  of 
the  monobasic  acids  which  contain  two  equiralents  of 
oxygen  are  distilled  with  hydrate  of  bar^  they  undergo 
decomposition,  all  the  oxygen  in  the  acid,  along  with  as 
much  carbon  as  is  necessary  to  form  carbonic  acid,  remain 
combined  with  the  baryta  in  the  retort  as  carbonate  of 
baryta,  whilst  a  hydrocarbon  distik  over ;  examples : — 

Acetote  of  soda.  Hanh  gM. 

(1.)  2  f  .H.0  I  oy2(^^\o)=2C:E.4l  \  O.+  CO  |  ^^ 

. Bensole. 

in  .f'S"  i  o)«{^  1 0)=.  C3.+S  1 0-+S I  °- 

694.  Firia  has  obtained  hydride  of  benzoyl  by  distilling 
benzoate  of  lime  with  formiate  of  lime ;  thus : — 
Benxoate  of  lime.     Formiate  of  lime.    Hydride  of  benioyl. 

696.  Miller,  in  his  "  Elements  of  Chemistry,"  sugf^ests 
that  the  missing  hydride  (CgHrO.H)  would  probably  be 
obtained  by  distilling  toluate  of  lime  with  formiate  of 
lime. 

Fifth  Class. 

(General  formula,  ^nHg.uO  |  q  ^ 
696.  Only  one  acid  (cinnamic  acid)  belon^ng  to  this 
class  is  yet  known ;  the  formula  of  the  acid  ifl    *  S'     |  O; 

it  resembles  in  its  physical  characters  the  acids  of  the 
fourth  class ;  it  is  solid  and  crystalline ;  it  sublimes  and  is 
little  soluble  in  cold,  but  soluble  in  hot  water.    This  add 
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is  contained  in  many  babams,  such  as  those  of  storax,  of 
tola,  and  of  Pern ;  it  can  be  prepared  artificially  by  heating 
its  aldehyde  with  hydrate  of  potash,  thus  :— 
Hydride  of  cuanamyL 

C,H,0,H+2J0  =  ^»^^J0  +  HH 

697.  The  chemical  properties  of  this  acid  are  very  ana- 
logons  to  those  of  the  preceding  class.  By  the  action  of 
cmorine,  bromine,  nitric  acid,  and  snlphuric  acid,  similar 
compounds  are  produced.  When  submitted  to  the  reducing 
action  of  hydrogen,  nitro-cinnamic  acid  yields  a  similar 
unidie  body ;  it  also  yields,  by  distillation  with  hydrate  of 
lime  or  baryta,  a  corresponding  hydrocarbon. 

698.^  We  have  already  noticed,  that  cinnamyl  compounds 
stand  in  the  same  relation  to  the  preceding  class  as  the 
allylio  to  the  acetic  series  (601) ;  the  following  reactions 
indicate  also  the  close  relation  which  exists  between 
cinnamic  and  benzoic  acids.  (1.)  If  cinnamio  acid  be 
diatUled  with  bichromate  of  potash  and  sulphuric  acid,  it 
yields  hydride  of  benzoyl.  (2.)  When  fused  with  an  excess 
of  hydrate  of  potash,  it  is  resolved  into  acetic  and  benzoic 
acids,  whilst  hydrogen  is  liberated. 
Cnmamio  add.  Aoetate  of  potuh.  Benioate  of  potuh. 

^•g'^  I  0+2(g  j  0)=^'^^  j  O+^'l'^  j  0+HH 
Sixth  Glass. 
(Generalformula,  ^-^g-  ^»  |  O.) 

699.  Only  two  acids  belongmg  to  this  dass  are  as  yet 
known ;  they  resemble,  in  their  physical  characters,  the 
acids  of  the  fourth  dass ;  they  are  solid  and  crystalline, 
they  sublime,  and  are  littie  soluble  in  cold  water.  The 
following  are  the  names  and  formulas  of  the  two  acids  :— 

SaHcyUc  acid  ^'  g-  ^*  |  O.    Anisic  acid  ^»  ^'^*\o 

700.  These  adds  contain  the  same  proportion  of  carbon 
and  hydrogen  as  the  acids  of  the  fourth  group,  but  they 
contain  one  atom  more  oxygen  than  the  acids  in  that 
grouT) ;  they  therefore  stajid  m  the  same  relation  to  the 
memoers  of  that  class  as  nitric  acid  does  to  nitrous. 

701.  The  only  known  natural  compound  of  salicylic 
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aoid  is  the  oil  of  winter  ^reen,  which  is  the  methyl  eon- 
poond  of  this  acid ;  the  aoid  can  be  prepared  ariificiaDjbf 
neatiog  salicylona  acid  with  an  ezoesa  of  solid  hydrate  of 
potash,  or  by  fusing  salicin  with  an  exoess  of  that  reamt 
Anisic  acid  can  be  prepared  £rom  its  aldehyde  by  bouiBg 
with  caostio  potash. 

702.  The  chemical  as  well  as  physical  nroperties  of 
these  acids  resemble  those  of  the  fonrlli  class.  By  the 
action  of  chlorine,  bromine,  nitric,  and  sulphuric  adds, 
similar  substitution  compounds  can  be  obtained.  The 
nitro-compoxuids,  when  reduced  by  hydrogen,  yield  similsr 
amidio  bodies. 

703.  But  when  distilled  with  bar^  or  lime,  they  yield, 
from  their  containmg  another  eqmralent  of  oxygen,  oxi- 
dized bodies,  whereas  we  hare  seen  that  the  acids  ood- 
taining  two  equivalents  of  oxygen  yield  hydrocarboni ; 
thus:— 

FhenioMid. 


Anisole  has  the  composition  of  phenate  of  methyl 
G  Ht  O,  C«  H«  O ;  Oahours  has  actually  formed  phenate  of 
methyl  synthetically  by  decomposing  iodide  of  medi/l 
with  phenate  of  potash. 

704.  It  would  perhaps  hare  been  more  appropriate  to 
have  placed  this  class  of  acids  in  tiie  biatomic  group,  as 
there  can  be  no  doubt  that  salicylic  acid  is  at  least  Diatomic 
if  not  bibasic,  resemblinfir  lactic  acid  in  this  respect ;  and 
anisic  acid  must  also  be  biatomic. 


APPENDIX  C. 
706.  Professor  Brodie  has  recently  obtained  the  pe^ 
oxides  of  benzoyl  and  acetyl,  or  othyl,  by  acting  upon  the 
acid  anhydrides  of  those  bodies,  or  upon  their  corre- 
sponding chlorides,  with  peroxide  of  banum.  These  per- 
oxides stand  in  the  same  illation  to  acids,  and  the  hydrated 
acids,  as  peroxide  of  hydrogen  stands  to  water.  The 
formula  for  peroxide  of  benzoyl  is  C14H10O4,  and  the 
formula  for  peroxide  of  acetyl  is  O4  H«  0«.  They,  like 
peroxide  of  hydrogen,  easily  decompose. 
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(3.)  OzTGBK  Salts. 


706.  Definition  qfan  oacygen  salt— An  oxygen  salt  maj 
be  viewed  as  water  in  wmch  a  part  of  the  n^drogen  is 
replaced  by  an  acid  radical,  and  the  other  part  is  entirely 
or  partially  replaced  by  a  metal,  or  other  positiye  radical. 
We  hare  already  defined  acids  proper  as  IxKLies  in  which 
one^  half  the  hydrogen  in  water  is  replaced  by  an  acid 
radical ;  it  is  therefore  the  ijpical  hyorogen  in  the  acid 
which,  in  the  formation  of  an  oxygen  salt,  becomes 
replaced  by  a  metal,  or  Dositive  radical.  Adds  with  only 
one  atom  of  typical  hyorogen  are  necessarily  monobasic. 
Acids  with  two  atoms  of  typical  hydrogen  are  generally 
bibadc.  As  in  bibasic  acids  the  two  atoms  can  be  replaced 
by  metals,  or  other  nositiye  radicals,  a  bibasic  acid  can 
form  two  classes  of  saltB ;  one  class  consisting  of  the  neuirid 
or  normal  salts  of  the  acid-— salts  in  which  all  the  typical 
hydrogen  has  been  replaced  by  a  metal  or  other  positiye 
radical;  the  other  class  consistmg  of  acid  salta— salts  in 
whioh  only  one  atom  of  the  typical  hydrogen  is  replaced, 
the  other  atom  remaining.  "  In  the  same  manner,  acids 
with  three  and  four  atoms  of  hydrogen  respectirely,  are 
usually  tri-  and  tetra-basic,  and  form,  each,  m  addition  to 
their  nentral  or  normal  salts,  two  and  three  rarieties  of 
add  salts.  Thus,  arsenic  acid,  H9ASO4,  forms  normal 
arsenate  of  sodinm,  Na,  As  O4,  and  two  descriptions  of 
acid  arsenates,  NaaHAsOA  and  NaH|As04  respectirely. 
Acid  salts  constitute,  to  all  intents  and  purposes,  a  varie^ 
of  the  dass  of  acids ;  and  for  the  most  part  react  witn 
yegetable  colours,  and  alkaline  hydrates  and  carbonates, 
as  do  the  normal  acids,  although,  indeed,  there  are  many 
ezoeptions." 

707.  When  there  are  two  or  three  different  varieties  of 
an  add,  as  in  the  case  of  phosphoric  add,  the  common 
one  is  termed  the  ortho-acid;  ortho-phosphoric  acid 
means,  for  instance,  tribadc  phosphoric  acid,  and  its 
different  salts  are  called  the  ortho-phosphates. 

706.  There  are  sulphur  salts  as  well  as  o^gen  salts ; 

the  sulphur  salts  are  formed  from  the  type  of  ^  |  S ;  with 

this  exception,  the  definition  we  have  given  of  an  oxygen 
salt  apphes  also  to  a  sulphur  salt. 


830  compouhd  bthbb8. 

Salts  of  thb  Monobasic  Inosganic  Acids. 

EXEBCI8B. 

147.  Write  oat  the  formnla  for  nitrate  of  potaascom, 
for  metaphosphate  of  sodium,  for  chlorate  of  potaasiTun, 
for  nitrate  of  silver,  for  hypochlorite  of  calcium. 

Salts  of  thb  Monobasic  Obganic  Acids. 

709.  We  may  here  state,  for  the  information  of  tiie 
student,  that  the  soluble  and  insoluble  salts  of  the  organic 
aoids  are  produced  by  methods  similar  to  those  by  which 
the  soluble  and  insoluble  salts  of  the  inorganic  acids  are 
prepared. 

BZBBCISB. 

148.  Write  out  the  formulas  for  the  following  salts : — 
Formiate  of  lead,  acrylate  of  potassium,  cinnamate  of 
copper,  sorbate  of  silver,  cumate  of  barium,  benzoate  of 
sodium,  valerate  of  co})per,  acetate  of  barium,  thiobutvrate 
of  sodium,  bromopropionate  of  calcium,  qnadrichlorouty- 
rate  of  potassium,  bmitrobenzoate  of  silver,  toluate  of 
copper,  thiacetate  of  lead,  oleate  of  sodium,  caprate  of 
magnesium,  nitrocuminate  of  zinc;  caprylate  of  sodium, 
ohloraoetate  of  potassium,  elaidate  of  silver,  cerotate  of 
lead,  melissate  of  ammonium. 

(4)  Compound  Ethbbs. 

710.  Definition  cf  compound  ethers. — When  the  basic  or 
typical  hydrogen  of  an  acid  is  replaced  by  an  alcohol 
radical,  the  compound  is  termed  a  compound  ether.  Mono- 
basic acids  form  but  one  compound  ether ;  bibasic  acids 
form  two,  a  neutral  and  an  acid  ether;  and  tribasic  acids, 
one  neutral  and  two  acid  ethers.  The  acid  ethers,  called 
also  vinio  acids,  are  true  adds,  and  form  salts.  The 
neutral  eUiers  are  generally  liquid  or  solid  bodies,  volatDe, 
without  decomposition,  more  or  less  odorous,  little  soluble 
in  water,  soluole  in  alcohol,  and  without  action  upon 
test-papers.  Considered  under  the  same  volume,  in  the 
state  of  vapour,  the  neutral  ethers  contain  one,  two, 
or  three  times  the  alcohol  radical,  according  as  thsy 
correspond  to  a  monobasic,  bibasic,  or  tribasic  acid.  The 
acid  ewers  are  generally  very  soluble  in  water,  and  with- 
out odour;  they  turn  blue  litmus  red,  decompose  the 
carbonates  with  effervescence,  are  not  volatile  without 
decomposition,  and  form  salts  which  are,  generally,  very 
soluble  in  water. 
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711.  Generally,  the  compound  ethers  do  not  present,  in 
ordinary  circumstances,  the  reactions  proper  to  the  acids 
the  radicals  of  which  they  contain.  Thus,  sulphate  of 
methyl  does  not  precipitate  salts  of  baryta,  like  the 
metallic  sulphates;  but  oy  prolonged  contact  with  water, 
the  ether  compounds  are  decomposed  into  the  acid  and 
alcohol,  and  then  the  acid  gives  its  characteristic  reactions. 
This  decomposition  of  compound  ethers  into  their  acids  and 
alcohols  is  effected  promptly  by  boiling  them  with  potash; 
the  acid  of  the  ether  combines  with  the  potash,  whilst  the 
alcohol  distils  off;  certain  energetic  mineral  acids,  as 
sulphuric  and  hjrdrochloric  acids,  determine  also  the 
same  transformation.  Each  compound  ether  can  always 
be  recognised  from  the  acid  and  tne  alcohol  into  which  it 
is  thus  converted. 

712.  Many  of  the  compound  ethers  are  converted  by 
ammonia  into  an  amide  and  alcohol. 

713.  Under  the  influence  of  chlorine  the  compound 
ethers  give  conjugated  derivatives. 

MONATOMIO  EtHBSS. 

714.  They  are  derived  from  one  molecule  of  water,  cor- 
respond to  the  monobasic  acids,  and  are  always  neutral. 
They  are  liquid  or  solid  bodies,  volatile,  without  decom- 
position. They  are  produced  by  the  following  different 
methods:  — 

(1.)  By  the  solution  of  an  acid  anhydride  in  alcohol. 

(2.)  Some  organic  acids  (benzoic,  butyric,  palmitic) 
produce  compound  ethers  when  they  are  heated  to  360°  or 
400^0.,  in  closed  tubes  with  ether. 

(3.)  In  some  cases  the  compound  ether  can  be  obtained 

S'  heating  the  hydrated  acid  and  the  alcohol  together ; 
e  formation  of  the  ether  can  be  considerably  hastened, 
in  the  majority  of  these  cases,  by  adding  sulphurio  acid 
along  with  the  acid  and  alcohol,  and  then  distilling. 

(4.)  By  the  distillation  of  a  metallic  salt  of  the  acid  with 
alcohol  and  sulphuric  acid ;  or  by  distilling  the  acid  and  a 
Bulphovinate  together ;  or  a  salt  of  the  acid  and  a  sulpho- 
vinate,  thus: — 
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c.H.Ojo+g.|.|o.=c.H.O|o+sajo. 

(5.)  By  tlie  action  of  a  salt  of  silver  and  hjdriodic  etiier, 
thus: — 

(6.)  Bj  t^e  action  of  the  chloride  of  an  aoid  radical  and 
aloohol,  thus  :— 

CtH.0.C1+^*5*|0  =  HCH-^»J'^J0 

(7.)  BjT  passing  dry  hydrochloric  acid  gas  into  a  soliitimi 
of  the  acid  in  absolute  alcohol. 

716.  The  boiling  point  of  a  inonatomic  ether  is  lower 
than  the  boiling  point  of  its  monobasic  acid ;  a  methylic 
ether  is  about  63  C.  lower  than  the  corresponding  add, 
and  an  ethylic  ether  is  about  44*^0.  lower. 

BXSBCISB. 

149.  Write  out  the  formula  for  the  following  eHien:^ 
I^itrate  of  methyl,  chloric  ether,  benzoate  or  allyl,  pal- 
mitic ether,  enanthylate  of  phenyl,  chloronitrobenaoate  of 
ethyl,  valerate  of  amy],  oibromobutyric  ether,  stearic 
ether,  acrylic  ether,  formiate  of  bu^l,  angelic  ether, 
oaproate  of  amyl,  acetate  of  capryl,  caprylate  of  methyl 
paimitate  of  cetyl,  cerotate  of  ceryl,  laurate  of  ethyL* 

(5.)  Acid  DsBiyATiyES  of  Ahmonium,  cokstbuctbd  ov 
THE  Wateb  TrPE.t 
716.  The  hydrogen  in  hydrated  oxide  of  ammonium  can 
be  replaced  by  acid  radicals ;  the  bodies  thus  produced 
have  acid  properties ;  they  hare  been  desiffuated  amidfh 
gen  cudds,  or  amie  or  amidie  acids,  ^most  all  the 
amidogen  acids  yet  known  are  constructed  on  the  aimple 
molecule ;  a  few  are  known  which  are  constructed  on  the 

*  The  itadent  matt  now  go  back  to  pi«e  208 ;  flnt,  write  oat  aaswert  to 
the  exerciBes  on  that  page,  and  then  study  the  polTmodeouIar  groups ;  oosi- 
menciog  at  par.  613,  and  ending  at  par.  640.  He  then  passes  to  par.  73^ 
page  336,  and  thenoe  forward. 

T  This  eroap  of  aoids  must  be  pM>ed  oyer  until  the  student  has  goM 
through  ike  following  groups: — (1)  monamxnes,  (2)  monamidee,  (3)  the 
haloid  salts  of  the  monammoniums,  (4)  the  hydrated  oxides  of  the  mooam- 
moniums. 
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type  of  a  doable  molecule  of  hydrated  oxide  of  ammonium; 
but  none  have  yet  been  formed  on  tbe  treble  molecule. 

MoiTAKiDic  Acids. 

717.  The  monamidic  acids,  accordin^^  to  the  number  of 
hydrofi^en  equivalents  replaced,  may  be  snbdiyided  into 
8econ<£uy,  tertiary,  and  qnartary  acids;  primary  mona- 
midio  acids  have  never  been  obtained ;  it  is  only  when 
two  or  more  equivalents  of  hydrogen  in  the  ammonium 
molecule  have  been  replaced  by  acid  molecules,  of  which 
one  must  be  diatomic,  that  monamidic  acids  appear  capable 
of  existing. 

Sbookdabt  Monamidic  Acids. 

718.  Secondary  monamidic  acids  are  produced  by  the 
TOplaeement  of  two  atoms  of  hydrogen  in  one  ammonium 
molecule,  by  one  atom  of  the  acid  radical  of  a  dibasic 
add;  they  therefore  contain  the  elements  of  one  equiva- 
kmt  of  watei  less  than  the  acid  ammonium  salts  of  dibasic 
acids;  example: — 

Aflid  ozalato  of  unmoiiiiiDiii  Ozuiic  ftcid. 

^^•|^'|o.-H.O=C(0'0.)'H.NJ|o 

719.  IhrmaUon  qf  these  a4nds.^{l.)  In  many  cases 
they  can  be  formed  by  simi>lv  driving^ off  by  heat  one 
atom  of  water  from  the  acid  ammonium  salts  of  the 
bibasic  acids. — (2.)  Sometimes  it  is  sufficient  to  boil  the 
■ohition  of  the  ammonium  compoxmd,  for  instance. 

CaanBoaU  of  Comeoaaiftte  of 


J 3.)  They  may  also  be  obtained  by  acting  upon  the 
lydride  of  a  dibasic  acid  with  dry  ammonia  in  excess ; 
the  two  bodies  combine  together ;  the  compound  which  is 
produced  is  the  ammonium  salt  of  the  acid. 

Carbamate  of  anunoniiun. 

2H.N  +  (CO),  O  =  '^^^^^'hIn"'!  ^ 
(4)  The  acid  ethers  of  some  dibasic  acids,  when  treated 

with  ammonia,  also  yield  these  acids. 

(5.)  '*  These  acids  may  also  be  conveniently  produced  by 

the  action  of  water  upon  the  secondaaT'  amides,  containing  a 
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diatomic  acid  radical,  which  are  often  designated  as  imidn. 
Instead  of  the  imide,  one  of  its  metallic  deriTatirea  waj 
be  employed.  The  reaction,  which  consists  in  the  assimi- 
lation of  one  equivalent  of  water,  is  generally  accomplished 
by  boiling  the  amide  with  ammonia,  and  occasionally  with 
carbonate  of  sodium. 

^"^^^"^^  SuodiiMnatooftaver. 

(aH,o.')' j  j^  _^  jj^Q  ^  [(aH,o.rH,N]  I  ^ 

(6.)  "  By  a  similar  fixation  of  one  equivalent  of  water, 
many  primary  diamides  are  converted  into  the  ammonium 
compounds  of  these  acids.  In  this  manner,  aspangin 
(nialamide)  is  converted  into  aspartate  (malamate)  of 
ammonium. 

ABparagin.  Aspartate  of  tnunomimi. 

^''*|'''^'|  N.  +  H,0  =  [(C.H.O.)'H.N]  j  o, 

(7.)  "Lastly,  some  peculiar  reactions  may  be  men- 
tioned, in  which  the  ethers  of  the  amidic  acids  are  formed. 

"  Ohlorocarbonate  of  ethyl,  when  treated  with  ammonia, 
yields  carbamate  of  ethyl,  generally  called  urethane, 

"  Oxalate  of  ethyl  gives,  with  a  small  quantity  of  aleo- 
holic  ammonia,  oxamate  of  ethyl  (oxametnane). 

EXBBCISB. 

160.  Write  out  the  formulas  for  the  following  eub- 
stances : — Carbamate  of  ammonium,  sulphooarbamic  acid, 
Bulphamic  acid,  oxamate  of  baryta,  sebamate  of  am- 
monium, succinnamate  of  silver,  camphoramic  acid, 
m^lamic  acid  (aspartic  acid). 

720.  The  salts  of  this  class  of  amidic  acids  are  generally 
more  soluble  than  the  salts  of  the  same  base  with  these 
bibasic  acids. 

721.  Many  of  these  amidic  acids  lose  water  at  an 
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elevated  temperature,  and  are  transformed  by  this  loss 
into  imides. 

722.  Boiled  with  acids  or  alkalies,  these  acids  fix  water, 
and  form  acid  ammonium  salts. 

TSBTIABT  MONAMIDIC  AciDS. 

(1.)  Suhstitution  qfone  moruUamic  and  one  diatomic  acid 
radical. 

723.  This  class  of  tertiary  acids  is  formed  by  the  action 
of  monatomic  acid  chlorides  upon  secondary  amidic  acids. 

SalicrlAinio  add.  Chloride  of  benzoyl. 

[(C,  M.  O)'  H,N]  J  Q  ^  (^j^  jj^  Qj  Q^  ^ 

Salicrl-benxamio  acid. 


[|§l:8r='']|o 

H    3 


+  HC1 


(2.)  Substitution  qf  one  diatomic  acid  radical  and  one 
monatomic  alcohol  radical, 

724.  This  class  may  be  formed : — (1.)  By  substituting 
a  monamine  in  place  of  ammonia  in  the  acid  ammoniacal 
salt,  and  submitting  these  salts  to  heat,  we  obtain,  in  place 
of  the  secondary  amidic  acids,  which  we  have  seen  are 
formed  when  acid  ammonium  salts  are  thus  treated,  a 
tertiary  monamine  of  this  class. 

Bth7k>xflmic  aoid. 

[(c.h;)h.n]3  ^5 

(2.)  They  may  also  be  formed  by  the  action  of  the  anhy- 
drides of  dibasic  acids  upon  the  primary  monamines,  a 
salt  of  the  amidogen  acid  and  the  monamine  being  formed. 

Amyl-Bulphooarbamate 
ofamylamine. 

(3.)  By  the  action  of  water  upon  tertiary  monamides, 
containing  a  diatomic  acid  radical,  and  a  monatomic 
alcohol  radical. 

'*  The  largest  number  of  tertiary  amidic  acids  has  been 
procured  by  this  process,  which  is  conyeniently  accom- 
plished by  ebullition  with  ammonia." 


836  ICBTALLIO  BXBlTATinS  OT  WAT£B. 

Phwyl'WKwiiihnidft.  Fhrnyl-modmaaiic 

jg;50«)'JN  +  H.O  =  KC.H.OJ'(C.H.)HNjo 

XXXBCI8B. 

151.  Write  out  the  fommlsB  for  tbe  following'  mh- 
Btances : — ^Fhenyl-carbamic  acid  (anthranilic  add),  ^enyl- 
Bulphamic  acid  (sulphanilio  acid),  phenjl-BucciDamio  add 
(succinanilic  add),  phenyl-malamic  acid  (malaniUc  acid). 

726.  As  there  are  very  few  members  yet  known  beloof- 
ing  to  the  daas  of  quartarv  monamidio  aoida,  we  ahali 
paas  them  over  without  further  notice. 

DOUBLB  MOLBCULB. 


gfo- 


POSITIVB  GbOUP. 

726.  Hub  ffroup  embraceB— (1)  The  metallic  deriyatiTeB 
of  water.  (2)  The  basic  deriyatives  of  ammonium  eon- 
structed  on  the  double  molecule  of  water,  i^)  The  biato- 
mio  alcohols.  (4)  Polyethylenic  bodies.  (6)  The  aldehydes, 
as  iBomers  of  the  glycols. 

(1.)  Htdbatbb  ov  thb  Mbtixb  Pbopbb  (Pbimaby  Dbbi- 
TATiTBs).    Akhtdbous  Oxidbs  (SbcoKdabt  Dbbita- 

TIVBS). 

727.  Primaty  derivativei. — ^The  biatomic  metals  which 
are  giyen  under  the  double  molecule  of  hydroffen  (HtHt)t 
form  hydrates  on  the  type  of  a  double  molecme  of  water ; 
the  general  formula  of  these   hydrates   is,  therefore, 

728.  Secondary  derivatwet, '--The  general  formula  of 
the  anhydrous  oxides  of  the  biatomic  metals  is  xr«  (-  0«. 

729.  The  sulphides,  &c.,  of  the  biatomic  metals  are,  of 
course,  constructed  on  the  type  of  a  double  molecule  of 
water,  in  which  the  oxygen  is  replaced  by  sulphur. 

730.  There  are  some  combinations  of  these  biaiomio 
metals  with  the  alkaline  metals  and  oxygen,  which  may  be 
regarded  as  constructed  on  the  double  molecule  of  water, 
in  which  two  of  the  atoms  of  water  are  replaced  by  one 
equiyalent  of  the  biatomic  metal,  and  the  other  two 
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eqniralents  by  two  equivftlentB  of  the  alkalme  metals. 

^Examples :    ;^  {  Os    (platinite  of  potassium)   ^    >  Ot 

(stannite  of  sodiam). 

731.  Such  bodies  as  chrome  iron  ore,  brown  hfematite^ 
magnetic  oxide  of  iron,  and  bismnthite  of  sodinm,  may  be 
regarded  as  constructed  on  the  double  molecule  of  water^ 
in  which  three  atoms  of  the  hydrogen  are  replaced  by  two 
atoms  of  a  sesquiatomio  metaJ,  or  one  atom  of  a  teratomio 
metal,  the  other  atom  of  hydrogen  remainiDg,  or  being 
substituted  by  a  monatomic  metaL    Examples : — 

TT       (  Oa,  brown  h»matite. 

-p^/     {  Os,  magnetic  oxide  of  iron. 

p°/     I  Ot,  chrome  iron  ore. 

732.  The  indifferent  binoxides — or  peroxides,  as  they 
are  frequently  called— may  be  represented  on  the  type  of 
B,  single  molecule  of  water^hj  supposing  one-half  the  oxygen 
to  be  associated  with  the  positiye  ramcal,  thus : — 

HO) 
Peroxide  of  hydrogen        -        -        '    H     1  ^ 

Peroxide  of  manganese     -        -        -  tlt?     ( O 


Peroxide  of  lead 


PbOi 
Pb 


(2).  The  Basic  Debiyatiybs  of  Ammonium,  constbuotbd 

ON   THE  TyFX  of  A  DoUBLE*  MOLBCULB. 

733.  We  shall  only  give  here  a  few  exercises  for  the 
student  to  write,  as  the  formation  of  the  bodies  is  fuUy 
explained  in  the  introduction  to  the  polyammonias. 

BXSBCISB. 

152.  Write  out  the  formula  of  the  following  bodies : — 
Hydratedoxideof  triethyl-ethylenediammonium ;  hydrated 

*  The  exerciaea  in  this  group  of  unmoniiim  deriTativef  must  not  be 
attempted  until  the  atudent  haa  paaaed  through  the  following  gronpa : — (1) 
diAininea;  (2)  diamidea;  (3)  the  Woid  salu  of  the  diammoniuma. 
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oside  of  hexetln^l-ethylene  diphosphonium ;  hydnted 
oxide  of  triethyl-ethylene  phoflphammonium ;  hydnted 
oxide  of  Lexethyl-ethylene  arsonium ;  hydrated  oxide  of 
trimethyl-triethyl-ethylene  phosphammoniam ;  hydnled 
oxide  of  triethyl-ethylene  araammonium ;  hydrated  oxide 
of  hexethyl^ethylene  phospharsommn ;  hydrated  oxide  of 
tabnethyl-etkylene  phosphammoniTim. 

(3.)  BuTOKic  Alcohols,  ob  Glycols. 
(General  formula,  ^^""^^^  |  O,.) 

734.  These  alcohols  are  constituted,  on  the  type  of  a 
double  atom  of  water;  two  out  of  the  four  atoms  of 
hydrogen  in  the  two  atoms  of  water  are  replaced  by  one 
atom  of  a  diatomic  radical,  whilst  the  other  two  atoms 
remain.  Only  one  group  of  this  class  of  aJoohols  is  at 
present  known ;  and  only  four  members  belon^ng  to  the 
group  haye  been  produced ;  but^lihe  student  will  see  that 
wis  number  could  easily  be  extended.  The  diatomic 
radical  which  replaces  the  hydiqgen^  is  a  member  of  the 
olefiant  sas  series.* 

735.  The  following  is  a  list  of  these  slcohols  which  hare 
yet  been  produced.  The  student  ought  to  cominit  to 
memory  their  names  and  symbols : — 

Boiling  Foiiit. 

Glycol  (ethyhc)  -  387^  F.  -  (^«^*^'|o, 

Propyl.glycol  .  -  372     -  -  ^^'^^'JO, 

ButyLglyool    -  -  361     -  .  ^^^if  jO, 

Amyl-glycol     -  -  350     -  -  ^^'^"^'lo, 

736.  Physical  Properties, — These  bodies  are  syrupy 
liquids,  volatile  without  decomposition,  and  soluble  in 

*  Qfttte  reottatlr,  ethjlie  g^yool  hu been  ebteined  from  vinic  aleohoL  Ibe 
bromide  of  monobroaiide  of  ethyl  (0«  H«  Br)'  Br»  whiob  is  iaoaMcie  «i& 
bibromide  of  ethylene  (C,  H«)"  Br«,  was  digested  with  eoetate  of  alyer,  when 
diaoetate  of  glycol  was  produced,  which  yielded,  when  treated  with  potash, 
ttlyooL  The  stodsnt  wifl  see  by  this  erample  that  monatomie  aloaboh  oaa 
bf  oonverted  into  biatonue  ones  by  employing  broninated  manatomie  ndi* 
cals.  He  will  learn,  fbrther  on,  that  mooatonuo  acids  can  be  oonrerted  into 
biatomic  ones,  and  that  two,  three,  four  or  more  atoms  of  ammonia  can  be 
made  to  coalesce  by  employing  brominated  bodies. 


THB  BliTOViC  ALCOHOLS.  339 

„  .iter  and  vinic  alcohol,  but  only  sliglitiy  soluble  in  ether. 
Xn  thesd  respects  they  resemble  the  triatomic  alcohol 
glycerin.  In  their  solvent  properties  they  stand  between 
^frater  and  vinic  alcohol ;  and  in  their  chemical  properties 
the  J  present,  as  we  shall  presently  see,  the  closest  rela- 
tionship vith  the  first  class  of  monatomic  alcohols.  We 
hxve  seen  that  the  boiling  points  of  the  monatomic  alcohols 
increase  by  about  33°  F.  lor  each  additional  increment  of 
C  Hs ;  but  these  diatomic  alcohols  display  in  this  respect 
a  verr  remarkable  difference,  for  the  boiling  points  oif 
tha06  Dodies  decrease  with  each  increment  of  UB.^ 

737.  Preparation. — We  have  already  noticed  the  way 
WnrtB  prepared  glj^col  (par.  618),  viz.,  by  acting  u^n 
iodide  of  ethylene  with  acetate  of  silver,  and  decomposing 
the  diacetate  of  glycol  thus  formed  by  potash.  But  the 
best  plan  for  preparing  glycol  is  that  proposed  by  Dr. 
Atkinson.  It  consists  m  heating  an  alcoholic  soluti(»i  of 
one  atom  of  bromide  of  ethylene  with  two  atoms  of 
acetate  of  potash,  inclosed  in  a  soda-water  bottle,  for  two 
daya,  at  212°  F.  The  liquid  is  separated  £rom  the  bromide 
of  potassium,  subjected  to  distillation,  and  those  portions 

(C.H,)'   ) 
are  collected  as  monacetate  of  glycol,  (C,  H,  O)  >  0„  which 

H  ) 
oome  over  about  356*  F.  To  obtain  the  glycol,  the  mon- 
acetate is  niixed  with  an  eouivalent  quantity  of  potash, 
which  decomposes  it  with  evolution  of  heat.  The  mixture, 
after  having  been  allowed  to  stand  for  some  time,  is' 
distilled  in  the  oil  bath.  On  rectifyinz  the  distillate,  a 
product  is  obtained,  boiling  at  38/^  F.,  which  is  pure 
sjtycol.  In  a  similar  manner  the  other  three  glycols  nave 
been  obtained.* 

738,  Chemical  Properties.— la  studying  the  deport- 
meni  of  these  biatomic  bodies  with  reagents,  we  must, 
constantly  rcmeinber  that  they  are  constructed  upon  the 
i  type  of  two  atoms  of  water,  and  that  the  two  hydrogen 
atoms'  which  remain  are  capable  of  being  replaced  by 
shnple  and  compoimd  radicals.    Two  series  of  bodies  can, 

*  Belms  foond  that  AtUnson's  plan  onlr  Tielded  one-half  the  calculated 
qjoaatHyofslreoL  He  hai,  thenfore,  modiiled  the  process.  By  this  modi- 
flcfttkn,  a  burger  quantity  of  clrool  ia  obtained  from  a  fliren  quantity  of 
B^erial.  The  student  will  flndthe  process  described  in  toL  ziii.,  page  402, 
of  Gmellii't  *•  Handbook  of  Chexnistxj." 
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on  this  account,  be  obtained  with  these  diatomic  alcobali; 
whilst  only  one  series  can  be  obtained  from  the  monatoooe 
alcohols,  on  account  of  their  only  containing  one  repliee- 
able  atom  of  hydrogen.  We  will  commence  bjr  stadyine 
the  replacement  of  these  hydrogen  atoms  by  simple  and 
compound  electro-positive  radicals. 

739.  Substitution  of  other  electromotive  hodieejbr  the 
typical  hydrogen, — In  contact  with  potassium  or  sodinni, 
etnylo-gfycol  loses  one  or  two  atoms  of  hydrogen,  whieh 
are  repiaoed  by  the  metal.     Example:  —  Monosodiom 

glycol,  (g;^^'  j  O^  and  bisodium  glycol,  ^%^'  j  O^ 

Iodide  of  ethyl  and  these  sodinm  compounds  react  upon  one 
another,  and  we  get  bodies  in  which  one  or  both  atoms  of 
the  hydrogen  of  the  glycol  are  replaced  by  ethyl.    Thus. 

monethyl  -  glycol,   Hq  h*\h  [  0,1,  and  diethyl-glyobl, 

ric'HTI^O*  ^^  potassium  is  added  to  mone&jl- 
gly col,  the  hydroGfen  of  the  water  is  replaced  by  the  metal. 
Ex«»ple:[gH^^'^jO.]. 

740.  Wurtz  at  first  considered  that  the  ethers  of  these 
biatomic  alcohols  would  stand  in  the  same  relation  io 
their  alcohols  as  the  ethers  derived  from  the  monatomie 
alcohols  stand  in  relation  to  their  alcohols.  If  this  were 
the  case,  the  general  formula  of  these  ethers  would  be 

\^  tt'")'  !  Os  ;  he  therefore  attempted  to  form  ethylene 

ether  by  acting  upon  bisodic  glycol  with  bibromide  of 
ethylene,  but  the  only  product  were  bromide  of  aJde- 
hydene  and  glycol.  lie  then  attempted  it  by  acting 
upon  monosodium  glycol  with  bromide  of  aldehydeofl^ 
but  the  products  obtained  were  chiefly  olefiant  gas  and 
~  col.  Wurtz  was  also  at  one  time  of  opinion  that  the 
ehydes  were  the  true  ethers  of  the  glycols,  because 
col,  treafed  with  chloride  of  zinc,  yields  aldehyde;  bat 
.t  body  does  not  reproduce  glycol  when  treated  with 
water,  or  compound  glycolic  ethers  when  treated  with 
acids.  We  shall  presently  consider  the  composition  and 
formation  of  the  true  ethers  of  these  biatomic  alcohols. 

741.  Substitution  qf  eleetro^negaiive  bodies  for  (he  Ajp- 
drogen.  —  If  glycol  and  hydrochloric  acid  are  heated 


glycol, 
that  b 
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to^eQier,  water  and  chlorhjdrine  of  glycol  (cHlorliYclrate  of 
oxide  of  ethylene)  are  formed.    The  formula  of  this  latter 

.  (C,H.)') 
body  IB         H  >  O.  We  have  said  that,  on  account  of  the 

Cli 
two  replaceable  atoms  of  hydrogen  in  these  compounds, 
two  series  of  coxnpounds  oomd  be  formed.  This  body  is  an 
example  of  the  first  series  of  compounds  formed  m  the 
conTersion  of  these  alcohols  into  their  normal  chlorides 
(Ca  Han  Cls),  the  first  stage  in  the  conversion  of  a  body 
constructed  on  the  type  of  two  atoms  of  water  into  one 
constructed  on  the  type  of  two  atoms  of  hydrochlorio 
acid ;  regarded  as  constructed  on  the  type  of  water,  it  is 
only  conatructed  on  one  atom.  This  change  is  due  to  the 
substitution  of  one  atom  of  chlorine  for  its  equivalent  of 
hydrogen ;  but  this  removal  of  the  hydrogen  is  attended 
witli  the  removal  of  an  atom  of  oxygen ;  therefore  peroxide 
of  hydrogen,  or  the  residue  of  water,  has  been  replaced 
hy  chlorme.  The  following  equation  expresses  the  re- 
action:— 

H     V0,  +  HC1=       H    ^O  +  hJO 

742.  If  chlorhydrine  of  glycol  were  acted  upon  by 
hydrochloric  acid,  or  by  pentacnloride  of  phosphorus,  no 
doubt  the  true  hydrochloric  ether  of  glycol  (dichloride  of 
eUiylene)  0, H4 Cfia,  would  be  formed.  We  have  already 
acen  (519)  that  this  body  is  prepared  from  glycol  by  acting 
upon  it  with  pentachlonde  of  j^hosphorus. 

743.  Sulphuric  add,  which  is  bibasic,  and,  like  glycol, 
ia  derived  m>m  two  atoms  of  water,  yields  similar  deri- 
yatiTes : — 

Solphnnc  aeid.  Olyool. 

(SO.)')  (C,H.)' 


O.)')  C.H.)') 

H     VO.  H     [O, 

ediate  oompoiind.  Intermedukfte  oompoi 

30,)';  (C,HO') 

H     VO  B.     }0 

CI    )  CI    3 
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DicUoride  of  salpharyle.  DieUoride  of  etkrlene. 


[hydrine  of  glycol  and  diniodide  of  ethylene  asd 
ne  of  glycol  and  bibromide  of  ethylene  can  ako 
i,  and  in  a  similar  manner. 


nde  or  BQlpbtiryle.  Xiiehlonae  of  etbjleii 

(SO.rCl,  (C,HO'CJ, 

744.  Iodhydrine( 
hromhydrine  <  " 
be  obtained,  a 

746.  It  is  evident  there  will  also  be  two  aeries  of  i 
pounds  when  the  hydrogen  is  replaced  by  compoimd 
monatomic  acid  radicab.  The  first  will  consist  of  the 
replacement  of  one  of  the  atoms  of  hydrogen  by  one  atom 
01  the  monatomic  acid  radical.  The  second  series  will 
consist  of  the  replacement  of  the  two  atoms  of  hydrogen 
hj  two  atoms  of  the  acid  radical.  These  two  series  ars 
distinguished  by  the  prefixes  mon  and  di,  as  mouacetate 
of  glycol,  diacetate  of  glycol.  The  monooompounds  can 
not  onlj  be  prepared  by  acting  upon  the  bibromide  of  ths 
biatomic  radical  with  a  salt  of  potash,  but  also  by  healing 
together  equivalent  quantities  of  glycol  and  the  ajohydroitf 
acid.  The  dicompounds  are  formed  by  acting  on  the  bi- 
bromide of  the  radical  with  a  salt  of  silver. 

746.  We  can  replace  one  atom  of  hvdrogen  by  a  com- 
pound monatomic  acid  radical,  and  the  other  atom  by 
chlorine,  bromine,  or  iodine  ;  as  in  the  formation  of  md 
chlorhydrine  an  atom  of  oxygen  is  removed  with  the 
hydrogen.    Dr.  Simpson  obtained  chlor-acetine  of  glycol 


(CH.OyVO,  by 
CI       ) 


heating  a  mixture  of  glycol,  hydro- 


chloric and  acetic  acids. 

747.  The  glycols  produced  with  polyatomic  acid  bodies 
are  analogous  to  the  sulphovinic  acids.    The  formtda  of 

Bulphoglycolic  acid  is  (S  Os)    >  0| :  it  is  monobasio. 


748.  Action  qf  chloride  qf  zinc,  —  Chloride  of  siiie 
abstracts  the  elements  of  water  from  ethyh'o  and  propjlie 
glycol,  and  converts  the  one  into  acetic,  the  other  mto 
propylic,  aldehyde. 

749.  Formation  of  the  ethers  of  the  glycols. — Chlo^ 
hydrine  of  glycol  is  instantaneously  decomposed  by  s 
solution  of  potash,  chloride  of  potassium  is  formed,  ana  in 
inflammable  vapour  is  disenga^d.  This  body  is  oxide  of 
ethjlene,  Ca  H4  O :  its  formation  is  easily  explaiaed.  It 
is  isomeric  with  aldehyde,  from  which  it  is  distinguished 
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hj  lome  of  its  properfcieB,  and  in  some  of  its  properties  it 
resembles  that  Dody.  Like  aldehyde,  it  dissotyes  in  water 
in  all  proportions ;  and  it  combinesy  like  aldehyde,  witih 
bisnlpnite  of  soda,  forming  deliquescent  crystds;  but 
-when  mixed  with  ammoniacu  ether,  it  does  not  form  those 
'well-known  crystals  which  characterise  aldehyde.  It  boib 
at  IS-S^  C.  and  aldehyde  boils  at  2r  C. 

760.  Oxide  of  ethylene  possesses  basic  properties.  Its 
basic  properties  are  manifested  by  its  action  npon  saline 
solutions,  and  by  its  combinations  with  acids.  When  it 
ia  mixed  with  a  concentrated  solulion  of  chloride  of  mtLf^* 
nesiam,  after  some  boors'  boiling,  the  liquid  solidifies,  the 
magnesia  is  precipitated,  and  chlorhydrine  of  glycol  is 
formed.  The  oxide,  we  have  seen,  is  separated  from  thi« 
ohlorine  compound  by  potash.  Heated  in  a  salt  bath,  wi<^ 
a  solution  of  perchloride  of  iron,  it  precipitates  the  hydrate 
of  the  sesquioxide  of  iron.  Under  the  same  circumstances, 
it  precipitates  alumina  from  a  solution  of  alum,  and  sub- 
smlpbate  of  copper  from  a  solution  of  the  sulphate.  These 
experimental  /acts  prove  that  it  is  comparable  to  the  anhy- 
drous oxides  of  zinc  and  lead,  whilst  glyool  is  in  the  same 
manner  comparable  to  the  hydrates  of  these  oxides. 

l-'fo.        ^\o.         («.=J-fo. 

It  combines  directly  with  hydrochloric  acid»  and  neutral- 
ises it:  the  product  formed  is  chlorhydrine  of  glycol.  It 
combines  directly  with  acetic  acid,  and  also  with  acetic 
anhjdride.  The  combination  takes  place  slowly  at  the 
ordinary  temperature,  rapidly  if  heated,  acetic  glycol 
being  produced.  It  even  forms,  like  oxide  of  lead,  basic 
acetates ;  for  it  is  capable  of  combining  with  diacetate  of 
glycol,  and  forming  the  acetate  of  diethylene,  thus  :— 


C,H40  + 


This  reaction  is  comparable  to  that  which  transforms  the 
acetate  of  lead  into  basic  acetate,  when  the  neutral  salt  is 
brought  into  contact  with  an  excess  of  oxide  of  lead  :— 


2Pb'0  + 


Pb'    -) 

(C,H.O)',J"«—       Pb'    (^* 
(C,H.O),) 
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The  acetate  of  diethy  lene ,  and  ey  en  the  acetate  of  tiieth  jleoe, 
(C,  HJ'      ■) 

Sq'  -ay      f  O4,  has  been  obtained  by  heating  acetic  add 

and  oxide  of  ethylene  together.    We  shall  refer  again  to 
these  bodies. 

751.  Oxide  of  ethylene  combines  directly  with  water, 
fflycol  being  produced.  The  direct  formation  of  glycol 
Srom  oxide  01  ethylene,  and  the  basic  character  of  thd 
oxide,  show  that  it  is  the  true  ether  or  anhydride  of  glycol, 
and,  consequently,  that  the  anhydrides  of  the  biatomifi 
alcohols  contain  the  same  number  of  carbon  atoms  as  the 
alcohols  themselyes,  and  are  derived  from  them  by  elimi- 
nation of  water,  resembling,  in  this  respect,  the  anhydrides 
of  bibasic  acids.    For  example : — 

Saocinic  aoid.  Bumsiiiio  ftDhydiide. 

752.  Oxide  of  ethylene  is  transformed  into  vinic  alcohol 
by  adding  to  an  aqueous  solution  of  the  oxide  some  sodium 
amalgam,  and  surrounding  the  solution  with  a  freesing 
mixture,  so  as  to  moderate  the  action ;  on  submitting  the 
solution  to  distillation,  the  alcohol  distils  over ;  the  hydro- 
gen has,  therefore,  combined  directly  with  the  oxide, 
thus: — 


C.H,0  +  H.=  ^'^»|0 


753.  When  the  oxide  of  ethylene  is  mixed  in  equivalent 
quantities  with  bromine,  a  crystalline  mass  is  obtained; 
tne  crystals  are  insoluble  in  water,  but  dissolve  in  alcohol 
and  ether;   they  constitute  a  combination  of  the  oxide 

with  bromine:  the  formula  of  the  body  is  q  3  q  \  ^'" 

80  that  the  oxide  has  doubled  at  the  moment  of  combina- 
tion. When  this  bromine  compound  is  heated  with  sul- 
phuretted hydrogen,  or  with  some  of  the  metals — ^mercarfi 
for  instance — the  bromine  is  removed,  and  a  volatile  liqiud 
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is  obtained,  the  empirical  formula  of  which  is  C4  H«  O,;  the 
rational  formula  is  probably  >n'  u*\//  \  O,. 

754  Oxide  of  ethylene  also  oomoines  directly  with  am- 
monia, forming  with  that  body  a  series  of  bases. 

766.  Substitution  of  oxygen  for  some  of  the  hydrogen  in 
the  radieaU  of  the  btatomic  alcohols, — ^These  alcohols  are 
unaltered  in  the  air;  but  mixed  with  platinum  black 
they  attract  oxygen  with  such  rapidity  that  the  platinum 
becomes  incandescent.  By  regulating  the  conditions  of 
the  experiment,  however,  so  as  to  produce  a  slow  action, 
aqueous  solutions  of  these  alcohols  are  slowly  converted 

into  acids,  having  the  general  formula  ^  "  ^  f  ^«' 

Nitric  acid  converts  ethvl-glycol  into  ^lycolic  and  oxalic 
acids ;  the  other  alcohols  ought  to  yield,  by  the  same 
treatment,  acids  corresponding  to  oxauc  acid ;  the  general 

formula  of  these  acids  would  be    (^»  H^-*^*)'  |  o.. 

766.  The  composition  of  the  two  series  of  acids  which 
the  following  glycols  furnish,  we  here  give : — 

Oljool.  Propylo^Klyool.  Batjlo-gtycol. 

(C.H.)'jo.  (C3H.)-jo^  <^*if|0. 

Gljoolio  acid.  Lftotio  acid.  Bntylo-Uctio  add. 

{C.H.O)-jo^       (C.H,0)'|o.       (C.H.Orjo^ 

Oxalic  add.  Malonio  add.  Snodnio  add. 

GMyoolic  acid  is  also  formed  when  a  hydrated  salt  of 
ehloracetio  acid  is  decomposed  by  heat,  thus : — 

757.  The  student  will  find,  when  he  comes  to  stud3rthe 
destructive  oxidation  of  organic  bodies,  that  oxalic  acid  is 
one  of  the  most  frequent  products ;  it  is  in  this  way  that 
oxalic  acid  is  manufactured.  Starch,  sugar,  and  other 
like  bodies,  are  oxidized  by  nitric  acid,  oxalic  acid  being  the 
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chief  product  of  that  oxidation ;  but  the  fonnaiiom  of 
oxalic  acid  by  this  method  is  totally  different  from  its  fonna- 
tion  from  glycol ;  in  the  first  case,  its  formation  is  attendi(^ 
with  the  total  destruction  of  the  priinitiye  organic  fiib- 
stance ;  but  in  the  case  of  its  formation  from  glycol,  Iks 
molecide  is  modified  by  the  substitution  of  oxygen  iat  a 
part  of  the  hydrogen,  out  the  molecule  is  not  destroyed. 
The  oxalic  acid  s^ds  in  the  same  irelation  to  gljool  ai 
acetic  acid  does  to  vinic  aloc^l. 

758.  Malonic  acid  has  been  obtained  b;^  the  oxidation 
of  malic  acid  by  bichromate  of  potash ;  it  has  not  yat 
been  obtained  by  the  oxidation  of  lactic  acid ;  but  wb^ 
can  be  no  doubt,  that  bv  acting  upon  lactic  acid  in  a  proper 
mamier,  that  acid  will  yield  either  malonic  acid  or  an 
iBOmeric  acid. 

759.  Succinic  acid  is  obtained  from  amber;  it  has  also 
been  obtained  from  malic  and  tartaric  acids :  it  has  not 
yet  been  obtained  from  butylactic  acid ;  but  there  can  be 
no  doubt,  by  using  suitable  reagents  for  the  replacement 
of  one  atom  of  ox^rgen  for  two  atoms  of  hydrogen  in  the 
biatomic  molecule  in  that  acid«  that  sucdnie  or  an  isomeric 
acid  would  be  obtained. 

760.  In  addition  to  the  two  series  of  acids  we  haTC 
noticed,  two  other  bodies  belonging  to  the  glycol  series 
have  been  obtained,  namely,  glyoxal  and  slyoxylic  acid ; 
it  is  vet  doubtful  whether  glyoxal  has  oeen  obtained 
directly  from  glycol,  but  glyox^lio  acid  is  found  among 
the  products  produced  by  the  oxidation  of  glycol  by  nitric 
acid ;  both  were  obtained  by  Debus  by  acting  upon  yinio 
alcohol  with  nitric  acid.  Glyoxal  possesses  all  the  pro- 
perties of  an  aldehyde ;  it  reduces  silver  salts,  and  forms 
crystalline  compounds  with  alkaHne  bisulphites ;  its  for- 
mula is  CsHsOs;  it  is,  probably,  the  aldehyde  of  oxalic  acid. 
Glyoxylic  acid  is  an  intermediate  compound  between 
^lycohc  and  oxalic  acids,  just  as  oil  of  oitter  almonds 
IS  mtermediate  between  benzylic  alcohol  and  benaoio  add. 

Benxylio  alcohoL  Olyoolio  add. 

C,H,0.  C,H4  0.. 


Qljro^Uo  Mid. 

C,H,0. 

C.H.O,. 

Betuoic  acid. 

Oxalic  add. 

CH.O.. 

CH,0*. 
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And  as  solution  of  potash  decomposes  oil  of  bitter 
almonds,  and  produces  benzylic  alcohol  and  benzoate  of 
potash,  so  the  same  alkali  with  glyoxylio  acid  forms  gly- 
oolate  and  oxalate  of  potash,  thus : — 

Benzylio  alcohol.    Benxoio  add. 

2C7H.04-H,0  =  C;H.O  +  C7H.O,. 

Glyoolio  add .     Ozalio  aoid. 

2C.H,0,  +  H,0  =  C.H,0,  +  C,H,04. 

In  each  case,  of  course,  the  acid  which  is  formed  combines 
with  ihe  potash.  And  as  oil  of  bitter  almonds  oxidizes 
with  great  ease,  and  yields  benzoic  acid,  so  glyoxylic  aciS 
takes  up  oxygen  readily,  and  beoames  converted  into 
pzalic  acid. 

Bensoio  add. 

CrH.0  4-0  =  CrH«0, 

Glyoxylic  add.  Oxalic  add. 

C,H,0, +  0  =  C,H.O* 

761.  Debus,  who  pointed  out  the  relations  of  glyoxylic 
acid,  has  also  directed  attention  to  the  relations  of  glyoxal. 
He  regards  glyoxal  as  the  aldehyde  of  oxalic  acid;  he 
considers  there  exists  between  glycol,  glyoxal,  and  oxalic 
acid,  the  same  relations  which  exist  between  yinic  alcohol, 
aldehyde,  and  acetic  acid. 

Yinio  alcohol.  Aldehyde.  Acetic  add. 

C,H.O  CH^O  C,H40 

Glycol.  Glyoxal.  Oxalio  add. 

C,H.O,  C,H,0,  C,H,04 

762.  Conversum  qf  these  hiatomic  into  wopaiomic  alcohols. 
— P^pyl-glycol  heated  some  hours  in  a  salt-water  bsih 
with  an  excess  of  concentrated  hydriodic  acid,  is  coloured 
strongly  from  liberated  iodine ;  on  saturating  by  potssk 
and  distilling,  we  obtain  water  and  an  etherial  liquid, 
which  is  more  dense;  dehvdrated  by  chloride  of  calcium, 
the  product  boils  at  93""  Cf. ;  its  density  is  1*796  at  0°  0. : 
its  composition  is  that  of  iodide  of  propyle,  C3  H;  I. 

The  two  phases  of  the  reaction  can  be  represented 
by  the  following  equaticms  :•— 
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Propjlio  gljool.  Propylie  alcohol. 

(^•^£[  O.  +  2H  I=^'|^  I  O  +  g  I  O  +  II 

^•5'|o  +  hi=c,HtI  +  h!o 

763.  Butyl'glycol,  treated  with  hydriodic  acid,  comports 
itself  in  an  analogous  manner ;  but  glycol  is  not  rednced 
by  the  hydriodic  acid ;  for  Maxwell  oimpson  has  prored 
that  glycol,  under  the  influence  of  this  acid,  is  conyerted 
into  iodide  of  ethylene. 

764.  Glycol  has  been  transformed  into  vinic  alcohol  in 
the  following  way :— Chlorhydrine  of  glycol,  dissolyed  in 
half  its  volume  of  water,  and  submitted  to  the  action  of 
sodium  amalgam,  is  converted,  at  the  ordinary  tempera- 
ture, into  Time  alcohol. 

765.  Action  of  J\ued  potash  on  the  glifcoU,  —  When 
ethyle-glycol  is  fused  with  hydrate  of  potash,  a  large 
quanti^  of  hydrogen  gas  is  disengaged,  and  the  residue 
consists  principally  of  oxalate  of  potash.  Alcohol,  under 
similar  treatment,  yields,  as  the  student  will  remember, 
hydrogen  and  acetate  of  potash. 


(4.)  APPENDIX  D. 
Appbndiz  to  thb  Glycols. — Poltbthtlbnic  Bobibs. 

766.  We  have  stated  that  acetic  acid  and  acetic  anhydride 
combine  with  oxide  of  ethylene,  forming  diacetate  of  glycoL 
When  the  diacetate  is  separated  by  distillation,  there  still 
remains  a  notable  quantity  of  liquid,  the  boiling  point  of 
which  is  above  200^C.  This  liquid  can  be  separated  into 
three  products,  which  we  can  consider  as  basic  acetates  of 
oxide  of  ethylene,  and  which  may  be  considered  as  consti- 
tuting acetates  of  polyethylenic  alcohols. 

767.  The  first  product  boils  about  200°  C,  and  oonsti- 

tutes  acetate  of  diethylene,  (C,  H  J'    >  O,.  This  body,  we 

(C,H.O),i 
have  also  seen,  can  be  formed  by  adding  oxide  of  etiiy- 
lene  to  diacetate  of  glycol.    Saponified  by  baiyta,  this 
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acetate  is  resolved  into  acetic  acid  and  diethylenio  alcohol, 

768.  The  second  product  boHs  abont  290^0.,  and  it 
constitutesacetateof  triethylenein'g^g^  f  0*.  Under  the 
influence  of  baryta,  it  gives  acetate  of  baryta  and  tri- 
ethylenic  alcohol,  (^>^*)»'  |  O*. 

769.  The  third  product  boils  about  dO(f  C;  it  constitutes 
aoetateof  tetrethylene,)n*  v  n\  \  0»-   The  action  of  baryta 

givesacetate  ofbarytaandtetrethylenic alcohol/  V      (  O.. 

770.  When  glycol  is  heated  with  bibromide  of  ethylene 
between  ll(f  C.  and  120^  C,  we  obtain  diethylenio  alcohol, 
water,  and  bromhydrine  of  glycol ;  but  along  with  these 
there  are  obtained  four  other  polyethylenic  alcohols,  viz., 

trieihylenic,  tetrethylenic,  pentethylenic,   ^  *  H       (  ^«* 
and  hexethylenic  alcohol,  (^»^*)*'  |  Or. 

771.  Wurtz  and  Louren^o,  who  discovered  these  bodies, 
regarded  them  at  first  as  bodies  intermediate  between 
the  biatomic  alcohols  and  their  ethers.  They  compared 
them  to  the  following  sulphuric  and  lactic  acid  com- 
pounds:—* 

Laotie  add.  GljooL  Monliydnted  folphiurio  aoid. 

Feloazes  anhydride  Diethlylenio  Nordlutiuen 

ofUctioaoid.  body.  solphurio  add. 

(C,H.O)')  (C.HJ')  SO,^ 

H.       )  H.   5  H,) 

Lactide.  Oxide  of  etl^lene.  Snlphiuio  anhydride. 

CH^O.O         CH^O  SO, 

*  A  diethylenio  body  has  been  obtained,  in  which  one  atom  of  ethylene  is 
(C.HJ"    ) 
repUoedbytaocinyl,  {C^H^t)"\Ot.    It  ia  obtained  by  adding  together 

siusdnio  add  and  glycol,  and  heating  the  miztaro :  it  evidently  oonesponde 
to  the  anlphoiinio  acida. 


3IK)  BUittoiss. 

778*  WitH  tlie  progress  of  their  researches,  these 
chemists  appear  to  regard  these  diethylenic  hodies  as  poJyr 
ethylenic  alcohols.  If  they  are  alcohols,  then  our  defimtioii 
of  the  term  alcohol  most  be  altered ;  for  we  have  said  that 
alcoholic  bodies  are  constructed  on  the  type  of  water,  in 
which  one  half  the  hydrogen  is  replaced  by  a  carbohj- 
dfORen. 

773.  If  the  polyethylenic  bodies  are  alcohols,  flien  it  is 
probable  that  tne  body  obtained  on  removing  the  bromine 
from  oxide  of  ethylene  (763)  is  the  ether  of  diethylenic 
alcohol. 

774.  Wurtz  thinks  that  the  polyethjrlenic  bodies  may  be 
viewed  as  the  alcohols  of  diatomic  acids.  The  following 
facts,  which  he  has  discovered,  appear  to  confirm  thk  view. 

776.  Gly colic,  lactic,  and  oxalic  acids,  which  m  de- 
rived from  the  glycols,  as  we  have  already  seen,  bj 
anidogous  reactions  to  those  which  transform  vinic  alco- 
hol into  acetic  acid,  are  simple  acids.  But  this  is  not  the 
case  with  the  acids  Wurtz  has  obtained  by  the  oxidation 
of  these  polyethylenic  bodies.  There  is  obtained  by  the 
oxidation  of  dietnvlenic  alcohol,  an  acid  isomeric  with  malic 
acid ;  and  under  uie  same  circumstances,  triethylenic  alco- 
hol is  transformed  into  a  slill  more  complex  acid. 

BXBRCIBS. 

168.  Write  out  the  formula,  and  state  how  jotl  would 
prepare,  the  following  compounds : — Monosodium  butyl- 
glycol,  monethyl  propyl-glycol,  chlorhydrine  of  amyl- 
glycol,  dibutyrate  of  clycoT,  monacetate  of  propyl-glycol, 
distearate  of  glycol,  dK>enzoate  of  amyl-glycol,  batyroaoe- 
tate  of  .gly  col,  bromhydrate  of  propyl-glycol. 

776.  In.  the  appendix  to  this  group  the  student  will 
learn  that  when  the  aldehydes  are  treated  with  penta- 
chloride  of  phosi)horus,  bicmorides  of  apparently  diafcomie 
radicals  are  obtained ;  these  diatomic  radicals  are  isomers 
of  the  radicals  in  the  biatomic  alcohols.  When  their 
chlorides  are  treated  with  a  salt  of  silver,  a  combination 
of  the  acid  of  the  silver  salt  and  the  diatomic  radical  ti^es 
place,  corresponding  to  the  compounds  obtained  on  treat- 
mg  the  chlorides  or  bromides  of  the  radicals  of  ih« 
diatomic  alcohols  with  silver  salts ;  but  the  behaviour  of 
aldehyde  compounds  with   potash   is   totally  different 


THB  BIATOiaO  AIiOOBCA  GBOmP.  351 

to  the  behaviour  of  the  analogous  oomponnHirof  the  glycol 
group  with  that  reagent ;  for  example,  when  mono  or  di- 
aoetato  of  glycol  is  treated  with  potash,  it  is  decomposed 
izito  the  diatomic  alcohol,  and  acetate  of  potash  is  formed : 

but  if  acetate  of  aldehyde,  )q'  tj'^qn  I  0„  which  is  isomeric 

with  diacetate  of  glycol,  be  treated  with  potash,  it  is 
decomposed,  not  into  an  alcohol,  but  back  again  into  the 
aldehyde  out  of  which  it  sprung,  and  acetate  of  potash  is 
formed. 

777.  Oil  of  bitter  almonds  yields,  when  treated  with 
pentachloride  of  phosphorus,  chlorobenzole  (C7H«)'C1«, 
and  if  tins  body  be  treated  with  acetate  of  silver,  acetate 

of  benzole,  \q  ^  O)  (  ^*'  ^  obtained.  When  this  com- 
pound was  first  formed,  it  was  thought  to  be  the  acetate 
of  the  biatomie  alcohol  of  the  benzoic  group ;  but  when 
treated  with  potash,  it  is  decomposed  into  oil  of  bitter 
almonds  and  acetic  aeid ;  no  trace  of  an  alcohol  of  this 

formula,  ^^'h?'[  0„  could  be  obtained. 


(5.)  APPENDIX  B. 
Thb  BixToiac  Alcohol  Gbovp. 

778.  When  the  aldehydes  are  acted  upon  by  penta- 
chloride or  pentabromide  of  phosphorus,  compounds  are 
formed  containing  biatomie  radicals,  not  identical,  but 
isomeric  with  the  biatomie  radicals  forming  the  defiant 
eas  series.  We  have  now  to  learn  that  from  the  alde- 
hydes a  series  of  bodies  can  be  prepared  isomeric  with 
the  glycol  compoxmds;  they  would  appear,  from  their 
composition,  to  be  derived  from  biatomie  alcohols;  the 
aldehydes,  as.  regards  these  compounds,  would,  there- 
fore, be  viewed  as  the  oxides  or  ethers  of  these  alco- 
hols ;  the  formula  of  the  alcohol  of  aldehyde  would  be 

779.  CombinaHon  of  aldehyde  with  electto*negaiiioe 
radicals.^Drj  hydrochloric  acid  gas  passed  to  saturation 
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into  aldehyde,  kept  cool  by  a  freezing  mixture,  conrerta  it 
into  a  body  called  ozychloride  of  ethylidene,  which  may  be 
regarded  as  a  doable  molecule  of  aldehyde,  in  whieh  one 
atom  of  O  ia  replaced  by  two  atoma  of  CI;  the  formula  oC 


780.  When  equivalent  weights  of  aldehyde  and  aoetie 
anhydride  are  heated  together  in  a  sealed  tube  to  180^C. 
£oT  twelve  hours  they  combine,  biacetate  of  aldehyde  being 


this  body  is,  therefore,  (q'h  )'  i  CI ' 
When  equivalent  ^  "  " 
ide  are  heated  toget 
Ive  hours  they  oombi 

formed,  (Cs  H.O)  >  0» ;  this  body  is  metameric  with  biace- 

tate  of  ethylene.  If  aldehyde  and  chloride  of  aoetrle  ba 
heated  together  to  100° C.  in  a  sealed  tube  for  three  noors, 
they  combine  in  the  proportion  of  single  equiyalenta  of 
eacn  of  the  two  substances. 

781.  Cotnhination  qf  aldehyde  with  electro-poeitwe  radi" 
eals. — When  bromide  of  ethylidene  is  made  to  act  on 
ethylate  of  sodium,  bromide  of  sodium  and  acetal  is 
formed,  thus: — 

(CHO'Br.  +  2  (§  H.J  0)  =  2NaBr  +  gg^;  j  O. 

Acetal,  which  is  also  formed  by  the  oxidation  of  Tiiiie 
alcohol,  is  isomeric  with  diethyl-glycol. 

782.  If  a  mixture  of  sulphuric  acid,  water,  peroxide  of 
manganese,  and  ethylic  ana  methylic  alcohols  be  distilled, 
the  two  following  compounds  are  obtained : — 


(1.)  (c.H.r? 


(^^»J«>  (  (C,H.)3 

They  are,  in  fact,  acetals,  m  which  one  or  both  atoms 
of  ethyl  have  been  replaced  by  methyl. 

783.  When  chlorine  acts  on  ethyhc  alcohol,  the  follow- 
ing substances  are  obtained  :— 

C. Hu  CIO,  =  |^«  ]^'  ^J^'  \  0„  monochlorinated  aoetaL 
CeHiaCl,0,=  [c*H*)^^*^'[  Oj^bichlorinatedacetaL 
C.Hu  CI,  O,  =  |c,'H,f  ^^'}  ^"  trichlorinated  aoetal. 
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784k  When  perfectly  dry  chlorine  iB  passed  into  anhy- 
droTiB  alcohol  to  saturation,  a  body  termed  chloral  is 
produced  :  its  formula  is  Ca  H  Gls  O ;  it  therefore  stands  to 
triohlorinated  acetal  as  aldehyde  does  to  acetal. 

785.  The  other  aldehydes  form  compounds  similar  to 
those  which  we  have  seen  the  acetic  aldehyde  forms. 
The  aldehjde  of  yalerianic  acid  has  been  combined  with 
acetic  and  benzoic  acids. 

Acetic  MC.HJ*  l^  I  Benzoic  ?  (C.Hi.)'  )^ 
compounds  (C,H,0),S  ^«    |    compound  J  (C,H,0),J  ^^ 

These  compounds  are  respectively  decomposed  by  caustic 
potash  into  valerianic  aldehyde,  and  acetate  and  benzoate 
of  potash.  Acetate  of  valerianio  aldehyde  is  isomeric 
with  diacetate  of  amylo-glycol. 

NXGATIYB  GbOITP. 

786.  This  group  embraces— (1)  Mineral  biatomic  acids. 
(2)  Organic  biatomic  acids.  (3)  Salts  of  the  bibasic  acids. 
(4)  Ethers  of  the  bibasic  acids. 

BiATOKic  Acids. 

787.  The  substitution  of  a  biatomic  acid  radical  for  two 
atoms  of  hjrdrogen  in  two  molecules  of  water,  produces  a 
biatomic  acid. 

788.  The  bibasic  acids  give  neutral  salts  and  acid  salts. 
Neutral  salts  are  produced  when  both  atoms  of  the  basic 
hydrogen  are  exchanged  for  a  metal;  acid  salts  when 
only  one  atom  of  the  basic  hydrogen  is  replaced  by  a 
metal.    Examples : — 

Siflolphftte  of  potMnimn.  Bnlpliate  of  potaaaiam. 


V/\o^ 


789.  The  acid  salts  are  frequently  produced  by  double 
decomposition ;  they  are  generally  very  stable. 

790.  The  bibasic  acids  can  produce,  with  each  alcohol, 
two  ether  salts — a  neutral  ether  salt,  and  an  acid  ether 
salt.  Considered  in  a  state  of  vapour  under  the  same 
volume^  the  neutral  ethers  of  the  Hbasic  acids  contain  twice 

2  a 
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the  amount  of  tk$  alcohol  radical  which  the  neutral  dhin 
of  the  monobasic  acids  contain, 

791.  Considered  in  the  state  of  vapour  under  the  tame 
volume,  the  chlorides  qf  the  bibcuic  acids  contain  twice  the 
amount  ^chlorine  that  the  monobasic  acids  contain^ 

792.  The  ammoniacal  salts  of  the  bibasio  acids  are  not 
volatile  without  decomposition ;  frequently  they  give  hj 
heat  the  primary  diamiaes,  the  secondary  amides  (imides), 
or  the  acid  amides. 

793.  The  anhydrides  of  the  biatomic  acids  are  produced 
by  dehydration,  whereas  the  monatomio  anhydrides  are 
produced  by  the  substitution  of  an  acid  radical  for  the 
typical  hydrogen  in  the  acid.  According  to  the  old 
theoiy,  both  groups  of  acids  contain  water,  and  there- 
fore, m  accordance  with  that  theory,  the  anhydrides  of  the 
monatomic  acids  ouffht  to  be  procured  by  dehydration  as 
well  as  the  anhydrides  of  the  biatomic  acids.  Bat  wh^ 
we  view  them  according  to  the  t^pe  theory,  we  can 
account  for  the  necessity  of  forming  the  monatomic 
anhydrides  by  substitution,  because  these  acids  do  not 
contain  the  elements  of  water ;  but  the  biatomic  acids  do 
contain,  according  to  this  theoiy,  the  elements  of  water; 
and    therefore    their    anhydrides   can  be  procured  by 

dehydrating  the  acids :  thus,  ^     (  ^a  is  the  formnla 

of  sulphuric  acid,  on  the  type-theory.  When  it  is  dehy- 
drated we  obtain  SO,,  or  SOjO,  which  is  sulphuric 
anhydride.  We  might,  therefore,  write  the  formula  of 
sulphuric  acid,  and  all  other  biatomic  acids,  in  a  somewhat 
diiierent  manner,  so  as  to  indicate  their  separation  into 
water,  and  the  anhydrides,  thus:  HaO,  S0».  Many  of 
the  biatomic  acids  are  transformed  into  their  anhydrides 
by  the  action  of  heat,  or  dehydrating  agents,  such  bb 
phosphoric  anhydride. 

(1.)  MivBBAL  Acids. 

794.  The  following  are  the  principal  bibasic  inorganic 
acids : — 

ThySetS)    S^'n/h'    Carbonic  axd^ydride  CO, 

Sulphurous  acid  >  (8  01' )  rt     Sulphuroiw  anhT-  >  a  n 

(hypolhetioal)  /     H.    J  "•        dride         -         J  ^O, 


BIATOHIO  OXGAHIC  ACIDS.  355 

Salphnrio  acid  ^  tt  "^  |  Os     Solphario  anliydride  S  O3 

Cluomic  acid  ^    g       s  ^'    Chromic  anHjdride  Crj  O3 
(2.)  BiATOicio  Oboanic  Acids. 

795.  Grenerallj  the  bibaaic  acids  are  nofc  volatile  with- 
out decomposition;  sometimes  they  are  transformed  by 
heat  into  their  anhydrides. 

796.  The  bibasic  organic  acids  submitted  to  the  action 
of  chlorine,  of  bromine,  or  of  nitric  acid,  form  the  con- 
jugated deriratiyes  less  easily  than  the  monobasic  acids. 
They  form  sometimes  conjugated  acids  with  sulphuric  acid, 
which  are  tribasic. .  For  example,  sulphosuccinic  acid. 

F1B8T  Class. 

(Gimeralfarmula,  ^«^«-*^  |  O,.) 

797.  Several  memoirs  have  been  written  both  by  Zolbe 
and  Wurtz  upon  the  basicity  of  lactic  acid,  one  of  the 
aoids  belonging  to  this  group.  Kolbe  maintains  that  it  is 
monobasic ;  Wurtz  maintains  that  it  is  biatomic,  and  in 
some  points  of  view  it  is  bibasic.  The  reasons  Kolbe 
assigns  for  regarding  it  as  monobasic  we  cannot  now  enter 
upon,  as  they  are  connected  with  that  chemist's  views  as 
regards  the  constitution  of  chemical  compounds  in  general, 
hat  the  student  will  find  the  memoirs  of  Kolbe  and  Wurtz 
in  the  Ist,  2nd,  and  drd  volumes  of  the  *'  E^pertoire  de 
Chimie  Pure." 

798.  Wurtz  considers  that  its  biatomic  nature  is 
proved— 1st,  by  its  formation  from  propyl-glycol ;  for,  as 
the  oxidation  of  vinic  alcohol,  which  is  monatomic,  gives 
rise  to  a  monatomic  acid,  the  oxidation  of  a  biatomic 
alcohol  must  produce  a  biatomic  acid.  2nd.  That  its 
biatomic  nature  is  proved,  he  thinks,  by  the  fact  that 
lactic  anhydride  is  K>rmed  from  lactic  acid  by  the  simple 
elimination  of  water,  whereas  we  do  not  know  of  any  mon- 
atomic acid  which  wDl  yield  its  anhydride  in  this  way ;  in 
fact,  as  monatomic  acidfs  do  not  contain,  in  one  equivalent, 
the  anhydride  and  the  elements  of  water,  it  is  impossible 
for  their  anhvdrides  to  be  formed  from  the  acids  by  the 
separation  of  water.  Lactic  anhydride,  like  the  anhy- 
drides of  all  biatomic  acids,  contairis  the  same  number 
of  equivalents  of  carbon  and  hydrogen   as   its  acid, 
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whereas  the  anhydrides  of  the  monatomio  aoids  oaolbm 
double  the  number  of  equivalents  of  carbon  and  hydrom 
that  their  acida  contain.  The  two  atoms  of  tyDical  hy- 
drogen in  lactic  acid  which  it  must  contain  if  it  is  aiatonue, 
cannot  be  replaced  as  they  can  in  bibasic  acids,  like  oxahe 
acid,  by  two  atoms  of  an  alkaline  metal;  only  one  atom 
of  hyd[rogen  in  lactic  add  can  be  replaced  hj  an  atom 
of  potassium ;  and  further,  this  potassium  salt  is  neutral, 
whilst  the  potassium  salt  of  oxalic  acid  which  contains 
only  one  atom  of  potassium  is  acid ;  therefore  lactic  acid* 
like  monobasic  acids,  only  forms  one  class  of  salts  with 
the  alkaline  metals,  and  the  alkaline  salts  of  lactic  acid, 
like  the  alkaline  salts  of  the  monobasic  acids,  are  neutral. 
Whereas  bibasic  acids,  like  oxalic  acid,  form  two  classes 
of  salts  with  the  alkaline  metals ;  one  class  containing  one 
atom  of  the  metal  in  place  of  one  of  the  hydrogen  atoms; 
these  salts  are  acid.  Example: — ^Acid  oxalate  of  potash, 
CO) 
!K  K  (  ^''  ^^  ^^^  other  class  both  atoms  of  the  hydrogen 

are  replaced  by  two  atoms  of  the  alkaline  metala  :  these 
salts  are  neutoil.   Example : — Neutral  oxalate  of  potash, 

^K  \  ^*'    Although  only  one  atom  of  hydrogen  in  lactie 

acid  can  be  replaced  by  an  atom  of  an  alkaline  metal,  the 
two  atoms  can  be  replaced  by  ethyl  and  by  electro- 
negaliye  metals,  such  as  tin.  Wurtz  explains  these  sjid 
other  apparently  eontradictory  facts,  which  we  shall  pre- 
sently notice,  in  the  following  manner.  He  oonsiaers 
that  the  typical  hydrogen  is  not  always,  or  necessarily, 
basic;  the  more  oxygenized  the  radical  the  more  the 
typical  hydrogen  tends  to  become  basic;  the  hydrogen 
in  oxalic  acid  is,  therefore,  more  basic  than  the  hydrogen 
in  glycolic  acid,  although  both  acids  are  produced  firom 
the  same  diatomic  body,  glycol. 

aiyeol.  Olyoolio  aoid.  OxaUo  Mid. 

C.H.fo.       ^'^0^0.       0,0.^0, 

It  is  therefore  necessary,  Wurtz  thinks,  to  establish  a 
difference  between  the  term  diatomic,  which  is  applied 
to  the  complication  of  the  molecule,  and  the  term  Matie, 
which  is  applied  to  the  capacity  of  saturation. 
799.  Chloride  of  laotyl  (C,K«0C1J  was  obtained  by 
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Wortz  by  acting  upon  lactate  of  lime  with  percbloride  of 
phosphorus;  from  this  chloride,  lactic  acid  can  beregeoe- 
ratea;  and  if  the  chloride  be  made  to  act  upon  ethykte  of 

(c,H.or) 

soda,  we  obtain  lactic  di-ether  Cs  H5       >  O^  which  is  neu- 

tnd.  If  this  lactic  di-ether  be  treated  with  potash,  alcohol 
is  set  at  liberty,  and  an  acid  is  formed  which  saturates  the 
potash.  This  acid,  in  whicb  one  atom  of  the  typical  hy  dro- 
sen  in  lactic  acid  has  been  replaced  by  ethyl,  is  called  ethyl- 

(c.H.or) 

lactic  acid;  its  formula  is  CsH^       ?  O^;  the  formula  of 

H        3 
(C.H,0)') 
its  potash  salt  is  CaH^        yO,.  If  we  distil  a  mixture  of 

K  j 
snlphoviDate  of  potash  and  lactate  of  lime,  or  if  we  heat 
in  a  sealed  tube  to  170° C.  a  mixture  of  lactic  acid  aod 
alcohol,  we  obtain  an  ether  which  is  neutral,  although 
only  one  atom  of  the  typical  hydrogen  in  lactic  acid  has 
been  replaced  by  an  atom  of  ethyl ;  it  is  called  lactate  of 
monethyl  ether,  and  it  is  only  isomeric,  not  identical  with 
the  acid  called  ethyl-lactic  acid.  Potassium  dissolves  in 
the  lactate  of  monethyl  ether,  hydrogen  is  disengaged, 
and  there  is  formed  a  compound  isomeric  not  identical 
with  ethyl-laotate  of  potash.  Ethyl-lactic  acid  and  lactate 
of  monethyl  ether  are  most  curious  examples  of  isomerism ; 
they  are  formed  by  the  same  acid,  they  contain  the  same 
radical  ethyl,  and  the  same  amount  of  it,  yet  one  is  an 
acid,  the  otner  is  a  perfectly  neutral  body.  Wurtz  explains 
this  difference  by  supposing  that  the  two  atoms  of  typical 
hydrogen  in  the  acia  possess  different  properties, — one 
atom  IS  strongly  basic;  it  can  therefore  be  replaced  by  a 
metal  or  by  an  organic  group,  such  as  ethyl ;  and  when  it 
is  thus  replaced,  tne  compound  produced  is  neutral.  The 
other  atom  of  hydrogen  can  be  easily  replaced  by  the  radi- 
cals of  acids,  or  by  an  indifferent  group,  such  as  ethyl,  and 
when  it  is  thus  replaced,  the  compound  produced  is  still  an 
acid,  because  the  basic  atom  of  hydrogen  of  the  lactic 
acid  remains.  Wurtz,  therefore,  draws  the  distinction 
between  the  properties  of  the  two  atoms  of  hydrogen  in 
writing  the  forinuln  of  lactic  and  the  other  acids  of 
this  group.    For  example,  he  writes  the  formula  of  lactic 
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r[o.. 


H 
acid  thus :    (C,  H4  O)'  ^  O,.    We  hare  said  that  acids  < 

H 

be  formed  in  which  the  non-basic  atom  of  hydrogen  in  the 
lactic  acid  is  replaced  by  an  acid  radical ;  butyro>laetie 

.(CHron    . 

ether  (  (C.  H4  O)'  >  Ot  h  for  example,  is  obtained  wlun 

an  alcoholic  solution  of  butyrate  of  potash  is  added  to 
chlorolactio  ether. 

800.  Wnrtz  expresses  the  relations  of  these  different 
compounds  by  the  following  formules : — 


LftotioMid. 
(C.H.OrjO. 


Lactate  of 
pota»h. 


Lactate  of  mon- 
ethyl  ether. 


Lactate  of 
potaario-ether. 


(C.|.o)'}o.^cJ.o,jo.,c.|.or)o. 


Batyro-lactio 
acid. 


Eihylo-Iactio 
acid. 


Ethrlo-lactate 
of  potash. 


(C.H,0)    ^         (C.H.)      )         (C,H.)       ) 
(C,H.0)"l0.  (C,H,0)"|0.  (C.H,0)"|0. 


lacUteof 
diethyl  elhcr. 

(C.HJ     i 


801.  If  we  treat  lactate  of  potassio-ether,  or  ethjlo- 
lactate  of  potash,  with  an  alcoholic  solution  of  iodide  of 
ethyl,  we  obtain  lactate  of  di-ethyl  ether. 

8i)2.  We  have  seen  already  that  many  polyatomic 
radicals  are  capable  of  multiplving  themselves  in  com- 
pounds, forminf^  bodies  on  stiU  more  condensed  typ^ 
by  this  multiplication.  Lactyl  is  no  exception  to  this 
rule.  If  a  mixture  of  chlorolactio  ether  and  lactate  of 
potash  is  heated  in  a  sealed  tube  to  100°  C,  chloride  of 

(C.H*0);i 

potassium  and  dilactate  of  monethyl  ether,  n*^*       f  ^* 

are  formed :  the  dilactateof  di-ethyl  ether  can  also  be  formed. 
These  compounds  constitute  the  ethers  of  Pelouse's 
(C.H,Or/ 
anhydride  of  lactic  acid,  (C,H4  0)'yO,.    Trilactate  of 

H,      i 

Di-ethylether,|Q'^*v^*>  O4,  is  obtained  by  keeping  a 

mixture  of  lactic  anhydride  and  lactate  of  diethyl  ether  in 
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a  sealed  tabe  for  sereral  days,  at  a  temperature  of  140^  C. : 
succinolactic  diethyl  ether,  (C4H4O2)') 

(C,  H4  O)'  V  O,  has  ako  been 

(C,H.).     ) 
formed. 

803.  The  following  is  a  list  of  the  acids,  as  yet  known, 
belonging  to  this  class.  The  student  must  commit  to 
memory  their  names  and  formulee : — 

^       ? 
Glycolicacid       -        -        -        -(C,H,0)>0, 

H 
Lactic  acid (C3H4O) 


H     3 


Leucic  add         -        -        -        -  (C.  H,o  O)  J^  O,* 

H       ) 

804.  These  aeids  are  very  soluble  in  water;  they  are 
not  volatile  without  decomposition. 

805.  Preparatum. — Sugar  of  milk  yields  by  fermen- 
tation lactic  acid ;  cane  suear  can  also  be  made  to  yield 
lactic  acid,  and  not  alcohol,  by  fermentation.  This  acid, 
we  have  already  seen,  is  obtained  by  the  oxidation  of 
propyl-glycol.  Glycolic  acid  is  produced  by  the  oxidation 
of  ymic  alcohol  by  nitric  acid ;  it  is  also  formed,  as  we 
have  seen,  by  the  oxidation  of  ethylo-glycol ;  it  is  also 
formed  when  a  hydrated  salt  of  chloracetate  of  potash  is 
decomposed  by  heat.  Perkins  and  Duppa  have  obtained 
it  on  treating  bromacetic  acid  with  oxide  of  silver  or 
potash.  They  have  also  obtained  glyoxilic  acid  on  treating 
oibromacetic  acid  with  the  same  reagents.  We  give  tJie 
empirical  formulss  of  acetic,  glyoolic,  and  glyoxilic  acids,  in 
oraer  that  the  student  may  see  how  uiese  bodies  are 
related,  as  regards  their  composition  :'— 

Aoetio  aoid.  Glyoolio  acid.  Glyozilio  acid. 

C.H^O,  C.H^O,  C,H,04 

806.  The  acids  of  this  group  are  also  produced  by  treating 
certain  amides  with  nitrous  acid.  Alanine  (propionamio 
acid)  yields,  as  we  have  seen  (490),  on  being  treated  with 

*  Butyxo-lactio  add  will  belong  to  Uub  group. 
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nitrous  acid,  lactic  acid.  When  gelatine  is  boiled  vitk 
a  Btrong  solution  of  odo  of  the  alkalies,  ammonia  is  evolved, 
and  a  sweet  crystallizable  substance,  called  sagar  of 
gelatine,  or  glycocoll  (or  better,  glycocine),  and  another 
crystallizable  body,  called  leucine,  are  formed.  Ihia  latta 
body  is  also  one  of  the  products  formed  on  boiling  albu- 
men, fibrine,  or  caseine,  in  a  strong  solution  of  the  alkaliea. 
Glycocine,  on  being  treated  with  nitrous  acid,  vields 
glycolic  acid;  and  leucine,  on  being  treated  with  the 
same  reagent,  yields  leucic  acid.  The  three  amidic  bodies 
are  homologous,  as  will  be  seen  from  the  following 
formuls : — 

Glycocine C,H",NO, 

Alanine CsHtNO, 

Leucine CcHuNOs 

.  807.  These  acids  give,  as  we  hare  already  noticed, 
conjugated  acids,  when  they  are  treated  with  certain 
monobasic  acids.  Thus,  with  benzoic  acid,  we  can  obtain 
benzo-glycolio  acid  and  benzo-lactic  acid : — 

(C,H.O)') 
Benzo-glycolic  acid  -        -        -    (Ct  H,  O)  >  O, 

H        ) 
(C.H,Orj 
Benzo-lactic  acid       -        -        -    (Ct  Hs  O) 

H 

808.  An  acid  called  hippuric  acid,  which  occurs  in  com- 
bination with  potash  and  soda  in  the  urine  of  horses  and 
cows,  and  other  graminivorous  animals,  is  considered  to 
be  the  amidogen  compound  of  benzo-glycolic  acid,  becauae, 
when  treated  with  mtrous  acid,  it  undergoes  the  decom- 
position peculiar  to  amidogen  compounds,  viz.,  the  for- 
mation of  a  non-nitrogenous  acid,  water,  and  the  libe- 
ration of  nitrogen.  The  acid  formed  on  treating  hippuiic 
acid  with  nitrous  acid,  is  benzo-gljrcolic  acid.  Under  the 
influence  of  water,  this  conjugate  acid  splits  up  into  benzoic 
and  glycolic  acids.  Dessaignes  has  actually  succeeded  in 
regenerating  hippuric  acid  by  the  action  of  chloride  of 
benzoyl  upon  the  zinc  compound  of  glycocine : — 

Zinc  oompoand  Chloride  of        Himmrfa  mtAA 

of  glyooebie.  benBoyl.  -""ppuno  mxaa, 

C,H5N0,Zn-f-C,H.0Cl  =  C.H.N0, -hZna-hH 


> 
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809.  Tliis  is  not  the  only  view  which  has  been  enter- 
tained of  the  constitution  of  hippuric  acid ;  but  it  appears, 
as  far  as  our  information  at  present  extends,  to  be  the 
most  probable. 

810.  Lautermann  has  la.te\j  transformed  lactic  acid  into 
propionic  acid  in  the  following  way. : — The  acid,  diluted 
with  an  equal  relume  of  water,  is  saturated  with  hydri- 
odic  acid  gas ;  it  is  then  heated  in  a  sealed  tube  to  140^  C. ; 
the  hydriodic  acid  is  decomposed,  iodine  is  liberated, 
water  and  propionic  acid  formed. 

Second  Class. 
(Generalformula,  ^»  g'/ '*^'}  ^") 

811.  The  lowest  member  of  this  class  of  acids,  oxalic 
acid,  is  obtained  by  the  oxidation  of  eth^l-glycol.  Two 
other  members  of  the  class,  pyrotartanc  and  succinic 
acids,  have  been  obtained  by  Simpson  by  decomposing  the 
cyanides  of  tiae  biatonuo  radicals  by  potash, — cyanide  of 
ethylene  yielding  succinic,  and  cyanide  of  propylene 
Yielding  pyrotartaric  acids,  when  treated  in  this  way. 
This  ckss  of  acids  is,  no  doubt,  the  highest  of  two  or 
more  series  of  acids  which  the  biatomic  alcohols  of  the 
glycol  class  yield  by  oxidation.  Some  of  these  alcohols, 
we  have  seen,  are  already  known;  many  remain  still 
unknown. 

812.  The  following  is  a  list  of  the  acids,  as  yet  known, 
belonging  to  this  class.  The  student  must  commit  to 
memory  their  names  and  symbols : — 

Fofline  point,  F. 

CO) 

Oxalic  acid     -  Sublimes  before  fusing  *  it*  {  q 

Malonio  acid         -  140^  P.  -        -  ^'  ^*  ^'  j  O, 

Succinic  acid         -  856        -        -  ^*  ^*  ^'  |  O, 

Pyrotarteric  acid  -         290        -        .  ^•g'^a  |  O,* 
Adipicacid   -       -         266        -       -^'j^'^'jo, 

*  An  »cid  called  lipio  acid,  found  among  the  prodnote  of  the  oxidation  of 
oila  and  oily  adds,  has  aleo  had  this  fonnma  aaagned  to  it. 
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Fiubg  poiDt»  F. 

Pimelic  acid  - 

257' 

Suberic  acid  - 

257 

Anchoic  acid 

-  237'  to  241' 

Sebacio  acid  - 

260 

H.       )"' 

C,H„0, !  fv, 
Ci.H„0,J  f\ 


813.  Physical  properties. — These  acids  are  solid  bodies ; 
they  are  soluble  in  water,  but  their  solubility  decreases 
as  tneir  atomic  weights  increase ;  thus,  oxalic  acid  is  rery 
soluble  in  water,  sebacic  acid  only  slightly  so ;  they  are 
soluble  in  alcohol  and  ether,  and  they  are  easily  obtained 
in  the  form  of  crystals.  They  possess  considerable  vola- 
tility, and  may  be  partially  sublimed  without  undergoing 
decomposition. 

814.  Preparation. — ^Pyrotartario  acid  is  obtained  by  tiie 
destructive  distillation  of  tartaric  acid.  Suberic  acid  is  a 
product  of  the  oxidation  of  cork  by  nitric  acid.  Succiiue 
acid  is  obtained  in  the  distillation  of  amber :  butyric  add 
has  also  been  transformed  into  this  acid  by  nitric  acid ;  it 
can  also  be  obtained,  as  we  shall  pre8entl}r  see,  by  the  action 
of  hydriodic  acid  upon  malic  and  tartaric  acids.  Suberic 
and  succinic  acids  nave  also  been  formed  by  the  lon^- 
continued  action  of  nitric  acid  upon  stearic  acid.  Malome 
acid  is  obtained  by  oxidizing  malic  acid  with  bichromate 
of  potash.  Anchoic  acid  is  found  among  the  products 
of  oxidation  of  Chinese  wax  and  also  of  cocoa-nut  oil. 
Sebacic  acid  is  a  constant  product  of  the  distillation  of 
oleic  acid,  olein,  and  all  fatty  substances  containing  these 
bodies.  Adipic  and  pimelic,  as  well  as  succinic,  suberic, 
and  sebacio  acids  are  obtained  by  the  oxidation  of  the 
fatty  acids  (674) ;  there  is,  therefore,  a  close  relation 
between  this  class  of  bibasio  acids  and  the  monobasic 
acids  of  the  first  class,  for  the  oxidation  of  the  latter  gives 
rise  to  the  formation  of  the  former ;  this  relation  is  still 
further  proved  by  the  fact  that  when  these  bibasic  acids 
are  decomposed  by  heat,  carbonic  acid  and  an  acid 
belonging  to  the  acetic  series  are  generally  found  amongst 

*  Called  by  Worts,  lepargylio  acid. 


BU.TOKIC  OBOAmC  ACIDS.  803 

the  prodacts.  This  is  what  might  naturally  be  expected, 
for  it  will  be  seen,  on  comparing  corre8pondin|;;  members 
of  the  two  series  of  acids,  that  these  bibasic  acids  contain 
in  one  equivalent,  an  equivalent  of  a  monobasic  acid  and 
an  e<iuivalent  of  carbonic  acid ;  thus,  if  we  subtract  from 
oxalic  acid  an  eauivalent  of  carbonic  acid,  we  have  left 
the  elements,  and  in  their  proper  proportions,  to  form 
formic  acid. 

We  might,  therefore,  suppose  that  these  bibasic  acids  are 
formed  by  the  union  of  carbonic  acid  with  the  monobasic 
adds. 

815.  It  will  be  seen  by  the  followinK^  table,  that  if 
two  equivalents  of  oxygen  are  substituted  in  a  monobasic 
acid  for  two  equivalents  qf  hydrogen,  a  corresponding 
bibasic  acid  must  be  produced  :^ 


Acids. 

Acetic 
Propionic     - 
Butyric 
Valeric 
Caproio 
(Enanthylic 
Canrylic 
Pelargonic  - 
Butic  -  : 


C,H.04  : 

CsH.O,  : 

C,H,0.  : 

C,H,o04  : 

C.H„0,  : 

C,H».0,  : 

Cw  Hie  O4  : 


Acids. 
:  Oxalic 
:  Malonio 
:  Succinic 
:  Pyrotartario 
:  Adipic 
:  Pimelic 
:  Suberic 
:  Anchoic 
:  Sebacic 


Thisd  Class. 

816.  In  this  group  is  a  list  of  still  unclassified  bibasic 
acids ;  the  most  important  are  malic  acid  and  tartaric  acid : 
the  student  must  commit  to  memory  their  names  and 
symbols. 

Fumsrioacid  ....  (^*g;^'^'J0. 

Malic  acid  ....  ^^^g^^'^'jo. 
Tartaric  acid  ...  -  ^^^S;^*^'!^- 
Pyrocitricacid  -        -        -  (^*|;^')'jo. 
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Muoicacid     ....    (^•^•^«)'|0, 
Camphoric  acid      -        .        .  ^^'^  ^'*  ^»^'  |  O, 

817.  Malic  and  tartaric  acids  have  both  been  prepared 
artificially  from  succinic  acid,  and  they  have  both  been 
decomposed  into  that  acid. 

818.  Malic  acid  is  the  acid  of  apples,  pears,  and  yarioiu 
other  fruits ;  in  gooseberries,  currants,  ac,  it  is  associated 
with  citric  acid.  It  has  been  prepared  from  bromo- 
succinic  acid,  by  submitting  that  acid  to  the  action  of 
oxide  of  silver,  thus : — 

,((C.H.BrO.).Jo.)  +  A,|o  +  |}o-s((C.H.O.)-}o.)+,A,Br. 

It  has  also  been  converted  into  succinic  acid  by  digesting 
it  in  sealed  tubes  with  hydriodic  acid,  thus : — 

(aH,0.rjQ^^2HI=(^*5*^-)'|0.+  gj0  +  II 

When  in  the  presence  of  fermenting  substances,  e8||e- 
ciall^  putrefying  casein,  it  is  decomposed  into  socciue, 
acetic,  and  carbonic  acids. 

819.  Aspara^n  and  aspartic  acid  appear  to  stand  in 
the  same  relation  to  maho  acid  as  oxamide  and  ozamic 
acid  stand  to  oxalic  acid. 

820.  Tartaric  acid  is  the  acid  of  grapes,  of  tamarinds,  of 
the  pine-apple,  and  various  other  fruits,  in  which  it  occurs 
in  the  state  of  an  acid  potash-salt.  Liebig  has  found  that 
this  acid  is  produced  by  the  action  of  nitric  acid  upon 
milk  sugar.  It  has  also  been  obtained  from  succinic  acid 
by  digesting  bibromo-succinio  acid  upon  oxide  of  silver, 
thus: — 


When  it  is  submitted  in  sealed  tubes  to  the  action  ol 
hydriodic  acid,  it  is  converted  into  succinic  acid,  thus  :— 

^^'1*,^*^' I  O,  +  4HI  =  (^'^l^*) }  0,  + 2H.0 +  41 
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Fourth  Class. 
(Oeneralformula,  C-g«n-i«^»|  O,.) 

821.  Only  two  acids  belonging  to  tbis  group  are  known — 
Phthalic  acid     ...        .  (^»  ^  ^«^'  I O, 

Terephthalic  acid       -        -        -  (^»  ^*  ^»^'  I  O, 

822.  Phthalic  acid  is  obtained  by  the  action  of  nitric 
acid  on  bichloride  of  naphthalin.  Terephthalic  acid  (inso- 
linio  acid)  was  first  obtained  by  Caillot ;  he  obtained  it  by 
acting  upon  oil  turpentine  witn  nitric  acid,  and  he  named 
it  terephthalic  acid  on  account  of  its  generation  from  tur- 
pentine, and  its  isomerism  with  phthalic  acid.  Hofmann 
aubsequentlj  obtained  an  acid  bj  acting  on  cuminic  acid 
with  cnromic  acid ;  he  <»lled  this  acid  insolinic  acid ;  he 
gave  it  the  formula  (C.  H.  O.)' J  q^     yf^^^  ^^  ^  j^ 

and  Mtiller  have  recently  obtained  terei>hthalic  acid  by 
acting  upon  certain  liquid  hydrocarbons  in  Aangoon  \xr 
with  nitnc  acid.  These  chemists  have  found  that  insolinic 
acid  is  only  terephthalic  acid.*  For  the  peculiarities  of  this 
bibasic  acid,  we  must  refer  the  student  to  the  two  last- 
named  chemists'  paper  on  this  acid  in  the  "  Proc.  Eoyal 
8oc.,"  yoL  xi.,  p.  112. 

(3.)  Salts  of  thb  Bibasic  Acids. 

823.  Bibasic  acids,  as  we  have  already  stated,  form  two 
classes  of  salts,  acid  salts  and  neutral  salts.  The  acid 
salts  are  termed  the  primary  salts ;  the  neutral  salts  are 
termed  the  secondary  salts.    Example : — 

Primarj  oxaHMie  of  potaninm.  Secondair  oxaUte  of  potMrinm. 

(Aoid  oxalate  of  potawrinm  )  (Neatral  oxalate  of  potaaainm.) 

(C.o.)'fo.  (\o.)>. 

824.  We  haye  seen  (688)  that  in  some  of  the  mon- 
atomic  organic  acids,  some  of  the  hydrogen  in  the  acid 
radical  can  be  replaced  by  S  0„  and  that  these  sulpho- 

*  The  student  muit  oaneot  the  foniuila  at  par.  002. 
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acids  are  bibasic.  In  the  following  exercises  the  salts  of 
these  sulpho-acids  will  be  introdac^,  as  well  aa  the  aalts 
of  the  bibasic  organic  and  inorganic  acids. 

EXEBCI8B8. 

164.  Write  ont  the  formulse  of  the  following  salts  :— 
Primary  carbonate  of  potassium,  secondary  sulphite  of 
sodium,  primary  sulphate  of  ammonium,  aecOndaiy 
oxalate  or  potassium,  tartrate  of  potassium  and  sodium, 
primary  smpho-benzoate  of  sodium,  acid  succinate  of 
sodium,  neutral  malate  of  zinc,  terephthalate  of  silver, 
neutral  suberate  of  lead,  primary  sulphacetate  of  aodium, 
benzo-glycolate  of  ammonium,  neutral  sebate  of  lime. 

155.  There  is  a  basic  sulphate  of  copper  having  this 
composition  (employing  the  old  atomic  numbers),  4Ca09 
S  0» :  formulate  it  on  the  water  type,  employing  the  new 
atomic  numbers. 

(4.)  BiATOHic  Ethers. 

825.  The  neutral  biatomic  ethers  are  produced  in  the 
same  way  as  the  monatomio  ethers.  When  the  corre- 
sponding acid  is  not  volatile,  the  neutral  ether  of  the 
acids  is  not  volatile.  In  this  case  we  cannot  employ 
distillation  as  a  mode  of  preparing  them,  but  we  operate 
thus ; — hydrochloric  acid  gas  is  passed  into  the  soiotion 
of  the  organic  acid  in  alcohol;  we  neutralize  the  acid 
liquid  with  a  carbonate,  and  we  repeatedly  agitate  with 
ordinary  ether :  the  ether  salt  is  dissolved  by  the  ether, 
and  is  left  as  a  residue  on  the  evaporation  of  the  latter. 
These  neutral  ethers  can  contain  two  different  alcohol 
radicals.  They  are  obtained  by  the  distillation  of  two 
vinic  salts,  thus  : — 

826.  In  contact  with  water,  but  especially  with  caustic 
potash,  the  neutral  ethers  are  decomposed  either  into 
alcohol  and  a  vinic  salt,  or  into  alcohol  and  a  metallic  salt 
of  the  corresponding  acid. 

827.  Ammonia  transforms  the  neutral  ethers  either 
into  an  alcohol  and  a  diamide,  or  into  an  alcohol  and 
ether  of  the  acid  amide»  thus:— 


(1) 

(2.) 
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828.  The  acid  ethers  are  produced  when  we  heat  an 
alcohol  with  the  bibasic  acids.  In  the  free  state  these  acid 
ethers  are  generally  unstable,  and  are  decomposed  promptly 
by  ebullition  with  water,  or  with  an  alkali,  into  alcohol  and 
the  corresponding  aoid.  Generally  they  are  not  volatile 
without  decomposition.  They  form  monobasic  salts, 
ordinarily  more  stable  than  themselres.  These  salts  can 
be  employed,  as  we  hare  seen,  in  double  decompositions, 
for  transporting  the  alcohol  radicals  into  other  combi- 
nations. They  are  analogous,  as  regards  composition 
and  acidity,  to  the  primary  salts  of  the  bibasic  acios  ;  but 
tiie  acids  in  these  acid  ethers  do  not  give  their  usual 
reactions  with  reagents.  Thus,  in  the  sulphoyinates,  the 
sulphuric  acid  is  not  precipitated  by  salts  of  baryta  in  the 
Bame  manner  as  it  is  from  metallic  sulphates ;  but  a  pro- 
longed contact  of  these  ethers  with  water  decomposes 
them ;  the  sulphuric  acid  can  then  be  detected.  This  non- 
precipitation  of  sulphuric  acid  by  baryta  is  not  limited, 
howerer,  to  the  acid  ethers;  in  some,  at  least,  of  the 
neutral  ethers  it  is  not  precipitated. 

829.  We  shall  now  giye  a  course  of  exercises,  in  which 
the  student  will  haye  to  write  out  the  formula  of  the 
neutral  ethers  of  the  bibasic  acids,  and  also  the  salts 
formed  by  inorganic  bases  with  the  acid  ethers. 

EZSBCISB. 

156.  Write  out  the  formulso  for— Primary  carbonic 
ethyl-ether  (oarboyinic  acid),  secondary  carbonic  ethyl- 
ether  (carbonate  of  ethyl),  primary  sulphuric  amyl-ether 
(sulphamylio  acid),  carboyinate  of  potassium,  secondary 
Bolpnuric  methyl-ether,  sulpho-methylate  of  calcium, 
oxuoyinio  acid,  tartro-methylate  of  harium,  sebate  of 
ethyl,  Buberate  of  methyl,  pimelate  of  amyl,  fumarate  of 
ethyl,  maloyinate  of  barium,  succinate  of  methyl. 
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830.  Tliis  group  embraces— (1)  The  metallic  deriTatiTet 
of  water.    (2)  The  triatomic  alcohols. 

(1.)  Hydrates  of  thb  Metals  Pbopbb  (Pbixabt  Dbbi- 

YATIYES).       AnHTDBOUS     OxIDBS    (SbCOMDABT    DbBI- 
VATIVKS). 

831.  Primary  derivatives. — ^The  sesqni-atomie  and  tri- 
atomic metals,  fj^iYen  under  the  treble  molecule  of  hydro- 
gen (Hs  H,),form  hydrates  on  the  type  of  a  treble  molecule 
of  water ;  the  general  formula  of  tnese  hydrates  ia,  than- 

fore,g|"jO,and5J"jO.. 

832.  Secondary  derivativei, — The  general  formula  of 
the  anhydrous  oxides  of  the  sesqui  and  tri-atomio  metalf 

uXC]o.andg:;jo.. 

833.  The  sulphides,  Ac.,  of  these  metals  are,  of  course, 
constructed  on  the  same  type,  the  sulphur,  &o,,  taking  ihe 
place  of  the  oxygen. 

(2.)  Tbbatoicic  Alcohols. 
(Generalformula,  ^"h!""'!  ^0 

834.  Glycerine  is  the  only  alcohol  belonging  to  this  class 
which  has  yet  been  disco Yered.  As  it  can  be  prepared 
artificially,  and  the  manner  in  which  it  is  formed  is  well 
understood,  there  can  be  no  doubt  that  other  members  of 
the  group  will  be  formed,  and  it  is  not  unlikely  that  some 
may  be  found  to  exist  either  in  the  Yegetable  or  animal 

kingdom.    The  formula  of  glycerine  is     '^'  |  O,. 

836.  Properties, — ^In  its  pure  state  glycerine  forms  a 
nearly  colourless  and  Yery  Yiscid  liquid,  ot  specific  graYity 
1*27,  which  cannot  be  niade  to  crystallize;  it  has  an  in- 
tensely sweet  taste,  and  mixes  with  water  in  all  propor- 
tions; its  solution  does  not  undergo  tiie  alcohobc  fer- 
mentation, but  when  mixed  with  yeast  and  kept  in  a 
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warm  place,  it  10  gradually  conyerted  into  propionic 
acid.  It  hss  no  action  upon  vegetable  colours.  Ex- 
posed  to  heat,  it  volatilizes  in  part,  darkens,  and  be- 
0(^^  destroyed,  acrolein  being  one  of  its'  products  of 

836.  Glycerine  was  discovered  by  Scheele  in  1779  •  he 
nwned  it  "  sweet  principle  of  oils,'*  from  ite  sweet  taste. 
lUe  hxed  oils  and  fats  are  compound  ethers ;  the  acids  in 
these  ethers  belong  to  the  first  or  second  series  of  the 
monobasic  organic  acids ;  the  ether  which  exists  in  aU  oils 
and  tats  mtherto  examined,  with  the  exception  of  sperma- 
eeti  and  tiie  different  varieties  of  wax,  is  the  ether  of  gly. 
oerme.  Saponification  of  oils  and  fats  is  nothing  more 
than  the  decomposition,  by  means  of  an  inorganic  base,  of 
these  compound  ethers ;  the  inorganic  base  combines  with 
the  acids,  glycerine  being  set  free.  To  obtain  glycerine 
oy  saponification,  the  inorganic  base  best  adapted  for  the 
VamoBe  is  onde  of  lead,  because,  by  forming  with  the 
acids  msoluble  salts,  it  separates  them  completely  from 
the  glycerine ;  and  the  slight  excess  of  oxide  of  lead  which 
aiasolves  m  the  aqueous  solution  of  the  glycerine  is  easily 
removed,  as  sulphide,  by  adding  a  httle  sulphuretted 
hydrogen.  But  as  glycerine  has  now  become  an  article 
Of  commerce,  the  scientific  chemist  has  no  need  to  prepare 

Vxt^  prepared  commercially  by  separating  the  acids 
™2a!?%?^^cerine  by  superheated  steam. 

837.  Pasteur  has  shown  that  glycerine  is  always  formed 
aurmg  the  alcoholic  fermentation  of  sugar,  to  the  amount 
01  about  3  per  cent,  of  the  sugar  decomposed,  and  that  it 
occurs  m  all  fermented  liquors,  especially  wine. 

•  n'  .^'^^'■«^*^-— CHycerine  can  be  prepared  artifi- 
Jpff  '^^^^  ^^™  terbromide  of  allyl,  or  terbromhydrine 
JV»  **»  -Bri),  by  treatmg  either  of  these  bodies  with  acetate 
w  silver,  bromide  of  sdver  and  triacetine  being  formed ; 
pvccnne  is  obtained  from  triacetine  by  decomposing  this 
^««aub8tanoe  with  baiyte  water;  the  liquid  is  freed  from 
excess  of  baryta  by  means  of  carbonic  acid,  and  evaporated; 
•^?J^idue  18  treated  with  anhydrous  alcohol,  containing 
a  attie  ether,  and  the  solution  thus  produced  is  evaporated. 
***•  glycerine  then  remains  in  the  form  of  a  syrupj  liquid, 

®jy  soluble  in  alcohol  and  water,  but  insoluble  m  ether. 

o39.  Bromide  of  hromopropylene,  C,H,Br'Br„  which 
2b 
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is  isomeric  with  terbromide  of  allyl  and  terbramlijdriBe, 
yields  but  a  ver^  small  quantity  of  triacetine  when  treated 
with  acetate  of  silver. 

840.  Chemical  vroperiies.-^We  must  keep  oonsteatly 
in  mind,  in  consiaering  the  chemical  changes  whii^  this 
triatomic  alcohol  undergoes  with  many  reagents,  that  it 
is  eonstraoted  on  the  type  of  three  atoms  of  water,  that 
three  out  of  the  six  atoms  of  hydrogen  in  three  atoms  of 
water  remain  in  the  alcohol,  and  that  they  are  capable  (tf 
being  replaced  by  simple  and  compound  radicals ;  three 
series  oi  bodies  can,  on  this  account,  be  obtained  firan 
this  triatomic  alcohol,  whilst  only  two  series  ean  be 
obtained  from  the  biatomio,  and  one  series  from  tbe 
monatomic  alcohols. 

841.  Substitution  of  the  kaiogem  far  the  topical  hf- 
irogen, — If  glycerine  is  saturated  with  hydrocniOTio  acid 
gas,  and  the  solution  is  maintained  for  several  hours  at 
812'' F.,  and  if  it  is  neutralised  subseauently  with  car- 
bonate of  soda,  and  agitated  with  ether,  tne  et^er  dissolyes 
out  an  oil-like  body,  which  is  left  on  evaporating  tlie 
ether ;  this  body  has  an  etherial  odour  and  a  sweet  taste. 
It  is  miscible  with  water  and  ether.  Its  density  is  1*31, 
and  it  boils  at  441°  F.  It  is  called^monochlorhydrine,  and 
its  empirical  formula  is  C*  Hr  GIO, ;  its  rations!  fonnuia  is 

(C.H.r) 
evidently       H,    >  O,.    It  has  ahready  been  remarked 

that  three  series  of  bodies  could  be  obtained  from  glyce- 
rine from  its  containing  three  replaceable  atoms  of  hydro- 
gen. Monochlorhy  drine  is  a  member  of  the  first  series  of 
compounds ;  it  is  tne  first  stage  in  the  conversion  of  this 
alcohol  into  its  normal  (ter)  chloride, — ^the  first  stage 
in  the  conversion  of  a  body  constructed  on  the  type  o! 
three  atoms  of  water  into  a  oodj  constructed  on  the  tjrpe  of 
three  atoms  of  hydrochloric  acid.  In  the  substitution  of 
the  atom  of  chlorine  for  the  atom  of  hydrogen,  one  atom 
of  oxygen  is  removed  along  with  the  hydrogen ;  so  that  it 
is  the  substitution  of  one  atom  of  chlorine  for  an  atom  of 
peroxide  of  hydrogen,  or  the  residue  of  water.  The  fhUow- 
mg  equation  expresses  the  reaction  :-* 
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U,  +  HC1=      I      [0.*  +  |[0 


(CH.)")  (C.H.r 

H 
H 
H 


It  u 


84^.  When  ten  or  twelve  times  its  bulk  of  fxuning 
hydrochloric  acid  is  added  to  glycerine,  and  the  mixture 
is  exposed  for  sereral  days  to  a  temjierature  of  212°  F., 
and  then  treated  as  in  the  preparation  of  mouochlorhy- 
drine,  a  body  is  obtained  which  has  a  strong  etherial  odour; 
it  dissolres  readily  in  ether,  but  with  greater  difficulty  in 
water  than  monochlorhydrine ;  it  boib  at  352'' F.    It  is 

(c,H.r 

TT 

csUeddichlorhydrine;  its  rational  formula  ia     q| 

CI     _ 
this  is  the  second  series  of  bodies  produced  in  the  process  of 
the  transformation  of  the  triatomic  alcohol  into  its  ter- 
chloride. 

843.  Pentachloride  of  phosphorus  can  be  employed  in 
the  place  of  hydrochloric  acid,  for  preparing  these  bodies. 

844.  Glycerine  is  reproduced  on  treating  either  mono* 
chlorfaydnne,  or  dichlorhydrine,  with  oxide  of  lead  or  the 
alkalies. 

845.  When  dichlorhydrine  is  acted  upon  by  pentachlor- 
ide of  phosphorus,  tricmorhydrine  (Ct  H.  CU)  is  obtained. 

*H     joH-PCl.=:C,H,01,H-PaOH-HCl 

CI.  3 

846.  Monobromhydrine  and  dibromhydrine  are  ob- 
tained by  acting  upon  glycerine  with  terbromide  of  phos- 
phoras ;  and  tnbromhycurine  is  obtained  by  acting  upon 
the  dibromhydrine  with  pentabromide  of  phosphorus. 

847.  By  acting  upon  dibromhydrine  witn  pentachloride 
of  phoephoros,  we  obtain  chlordibromhydrine. 

848.  We  will  just  glance  at  the  two  other  chlorine 
compounds  obtained  from  glycerine.  The  formation  of 
these  compounds  is  very  instructive  in  several  points  of 

*  Wban  a  balogeii  Ukee  the  place  of  peroxide  of  hydroeen  (H  O),  Worti 
>Dd  other  chemiate  place  the  hatogen  underneath  the  bracKet.    Ther  write, 

(OgH,)"'S 
for  iuttoee,  the  formnl*  of  moooofalorhydrme  thus,       H     )>  O, 

H    J 
CI 
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yiew,  but  especially  as  showinff  how  triatomic  bodies  pess 
into  biatomic  bodies.  If  dichlorhydrine  is  acted  upon  bj 
hydrochloric  acid  at  212°  F.,  we  obtain  a  body  which  hai 
been  called  epichlorhydrine.  The  empirical  fommla  of 
this  body  is  CaHfClO.  Its  rational  formula  would  at 
first  be  difficult  to  determine,  were  it  not  for  the  chlonne 
compound  we  are  about  to  notice.  It  ii  evident,  as  the 
student  will  see  from  this  body,  that  epichlorhydrine 
belongs  to  the  first  series  of  chlorine  compounds  of  a 
biatomic  radical ;  the  one  atom  of  hydrogen  which  the 
hydrochloric  acid  has  separated  from  dichlorhydrine,  and 
thus  conyerted  that  body  into  epichlorhydrine,  has  been 
at  the  expense  of  the  radical  C,  H. ;  and  this  loss  of  hydro- 
gen has  conyerted  the  teratomic  radical  into  a  biatomic 
one.    The  rational  formula,  therefore,  of  epichlorhydrine 

(CaH,)') 
is         H     >  O.    If  we  act  upon  epichlorhydrine  with 

CI  > 
pentachloride  of  phosphorus,  we  obtain  epidichlorhydnne, 
which  is  the  bichloride  of  the  diatomic  radical,  CHa. 
The  formula  of  epidichlorhydnne  is  CsHtCl,.  It  must, 
howeyer,  be  obseryed,  that  if  epidichlorhydnne  is  treated 
with  moist  oxide  of  silyer,  glycerine  is  regenerated. 

840.  Substitution  of  the  hydrogen  by  compound  mom- 
atomic  add  radicals. — It  is  eyident,  fVom  what  has  already 
been  stated,  that  three  series  of  compound  ethers  can  he 
formed  with  glycerine.  One  series  will  consist  of  the 
replacement  of  one  of  the  atoms  of  hydrogen  by  one  atom 
of^  a  monatomic  acid  radical ;  a  second  series  will  consist 
of  the  replacement  of  two  of  the  atoms  of  hydrogen  hj 
two  atoms  of  a  monatomic  acid  radical ;  and  a  thirdl  series 
will  consist  of  the  replacement  of  the  three  atoms  of 
hydrogen  by  three  atoms  of  a  monatomic  acid  radical. 

850.  The  fact  has  already  been  stated  that  oils  and  fats 
are  compound  ethers.  Almost  all  of  these  glycerides  are 
triacid,  that  is  to  say,  the  three  atoms  of  hydrogen  haye 
been  replaced  by  three  atoms  of  a  monatomic  acia  radioal, 
and  almost  all  oils  and  fats  are  a  mixture  of  two  or  more 
of  these  glycerides.  The  natural  glycerides  haye  been 
named  by  adding  to  an  abbreviation  of  the  name  of  the 
acid,  the  tennination  in.  Thus  we  haye  stearin,  olein^  &c. 
The  artificial  combinations  of  the  acid  radicals  and  gly- 
cerine (artificial  fats)  haye  been  named  in  aocordanoe 
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^th  this  principle;  and  the  prefixes  mono,  di,  and  frt\ 
express  respectively  the  niimber  of  atoms  of  the  acid 
radical  contained  in  them. 

851.  Berthelot  has  prepared  artificial  fats  hj  keeping  a 
mixture  of  the  hydratea  acids  and  glycerine  in  close 
T-euels,  at  a  more  or  less  elevated  temperature,  for  some 
tiine.  Many  of  them  are  even  formed  at  the  ordinary 
temperature.  The  glycerides  containing  one  equivalent 
of  acid  are  mostly  obtained  by  keeping  a  mixture  of  the 
hydrated  acid,  with  excess  of  glycerine,  at  a  temperature  of 
392®  F.  for  some  time.  The  compounds  containing  two 
equivalents  of  acid  are  obtained l)y  treating  glycerine  with 
an  excess  of  acid,  and  keeping  the  mixture  at  a  tempo  • 
rature  of  392^  F.  In  some  cases  combination  takes  place 
at  212**  F. ;  in  other  cases  the  temperature  requires  to 
be  raised  to  627*  F. 

852.  The  neutral  compounds  (those  containing  three 
equivalents  of  acid)  are  obtained  by  treating  the  above 
compounds  with  excess  of  acid,  and  keeping  the  mixture 
at  a  tenoperature  of  from  464°  F.  to  500°  F. 

863.  in  many  cases  the  glycerides  may  be  obtained  by 
saturating  a  mixture  of  glycerine  and  the  acid  witn 
hydrochloric  acid  gas,  and  heating  to  212°  F. 

854.  We  can  replace  one' atom  of  hydrogen  by  a  com- 
pound monatomic  acid  radical,  and  one  or  the  two  atoms 
of  hydrogen  by  chlorine  or  bromine.    The  first,  repre- 

sented  by  acetochlorhydrine,  ^  '  j^       /  Oti  is  obtained 

CI    3 

by  acting  upon  glycerine  with  a  chloride  of  the  acid 
radical.    The  second,  represented  by  acetodichlorhydrine, 

(C.h;')  ) 

(CiHaO)  V  O,  is  obtained  by  acting  upon  glycerine  with 

CU      ) 
the  chloride  of  an  acid  radical  and  hydrochloric  acid 


Acetochlorhydrobromhydrine,  ^  ■  qj*  ^  >  O,  is  formed  by 

Br      3 

acting  upon  every  one  equivalent  of  fflycerine  with  an 
equivalent  of  the  chloride  and  an  equivalent  of  the  bromide 


(C.H.r  1 
Br      3 
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(c.H.r  ) 

.,(C«H,0).VO, 
CI       ) 


of  the  acid  radical.    Diacetochlorliydrine, 

is  obtained  by  acting  upon  every  one  equivalent  of  sly- 
oerine  with  an  eauivalent  of  the  acid  and  an  equivaE^t 
of  the  chloride  oi  the  acid  radical. 

855.  Formation  of  acids  by  the  combination  qf  glycerine 
with  polyatomic  acid  radicals. — Glycerine,  when  treated 
with  sulphuric,  phosphoric,  tartaric  acids,  &o.,  combines 
with  them,  formmg  com|)ounds  analogous  to  sulphovinie, 
phosphovinic,  and  tartovinic  acids. 

856.  Sulphoglyceric  acid  is  formed  by  mixing  one  part 
of  glycerine  with  two  parts  of  sulphuric  acid. 

Glycerine. 

c. 


-KO)  (SO,)')  (SO.)'      )  jr, 

-H't>.[0+     H     j0,=  C.H,0,S0,  +  g}0 

Iphoglyoeric  acid  is  monobasii 

(8  0.)'  ) 

glycerate  of  baryta,  C,  H,  O,  >  O,, 

Ba      ) 

857.  Pho8pho{|[lyceric  acid  is  f 

cerine  with  glacial  phosphoric  acid 

cH,o.jo  (p^no.=(S2;o.)?o..+g}o. 

i  is  bibasic. 

por    ) 

Ba,      ) 


Sulphoglyceric  acid  is  monobasic.    Example: — Sulpbo- 


857.  Phospho^ly eerie  acid  is  formed  by  mixing  gly- 
cerine with  glacial  phosphoric  acid. 


Fhosphogly eerie  acid  is  bibasic.    Example: — ^Fhosdbio- 

(por    ) 

glycerate  of  baryta,  (0.  H,  O,)  >  O,.    A  compound  of  this 


acid  with  soda  uid  ammonia  is  supposed  to  exist  in  the 
yolk  of  eggs,  and  in  the  brain. 

*  I  do  not  ihink  that  these  formolB  are  the  rational  ones  for  snlpho-  and 
phospho-  glyoerio  acids ;  I  think  it  is  more  likely  that  they  are  constructed 


(C.H,)«^  (C,H,)'«») 

'.    (86^-     |0„   and   (^O)"-    |o.. 


in  the  following  manner,    (SO^"     [0«,   and   (PO)"i    hO..     In  like 

manner  the  formula  of  solpho-gljcolio  add  will  be  (SO.)*'    |-0g,  Instead  of 

(O.H.O))  • 

(S  C^)*'      h  Of    The  flnt  two  are,  I  consider,  polyglyoeric  bodies,  and  the 

laet  is  a  diethylenio  body,  simikr  to  the  soediqrl  compound.— B.  O. 
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858.  Tartrogljoerie  acid  is  formed  by  heatinff  a  mixtare 
of  eqniyalent  qoantitieB  of  fflycerine  and  tartorie  acid  to 
150*^0. 

869.  Substitution  of  monatomic  alcohol  radieaU  for  the 
hydrogen, — K  a  mixture  of  glycerine,  caustic  potash, 
and  bromide  of  ethyl  is  kept  at  a  temperature  of 
100°  for  several  days,  the  compoond  called  diethylene, 
/(CH.)")  \ 
(Cs  H«)t  >  Os  is  obtained,  in  which  tiro  equivalents  of  the 

hydrogen  have  been  replaced  by  two  equivalents  of  ethyl. 
If  this  body  be  acted  upon  by  perchlonde  of  phosphorus, 

/(C,H!,)   j    \ 
ehlorhydrodiethylene    (Cs  Hija  >  Os]  is  obtained  $  and  if 

this  body  be  kept  along  with  a  solution  of  ethylate  of 
flodiom  for  some  hours  in  a  sealed  tube,  at  a  temperature 

of  120^0.,  we  obtain  triethylene,  ^(c',  h'X  \  ^* 

860.  Suhititution  afoxpoenfor  some  qf  the  hydrogen  in 
the  radiccd, — "  Nitric  acid  oxidizes  glycerine  with  great 
ease,  the  product  of  the  reaction  Mmg  an  add  <Mdled 
glyceric  acid. 

Glyocriae.  Olfoerie  Mid. 

CH,0.  +  O,  =  CH.O. -h  H.0 

Glyceric  acid  is  formed  from  glycerine  in  a  manner  analo- 
gous to  that  of  acetic  acid  from  vinic  alcohol,  or  glycolic 
acid  from  glycol;  two  atoms  of  hydrogen  in  each  of 
these  three  alcohols  being  replaced  by  one  of  oxygen. 
The  acid,  which  stands  to  glyceric  acid  in  the  same 
relation  that  oxalic  acid  does  to  glycolic  acid,  or  malonic 
to  lactic  acid,  appears  to  be  the  tartronio  acid  of  Des- 
saignes. 

Olyoolio  ftoid.  Laotio  Mid.  Glyoerie  aeid. 

CH^O,  C,H,0,  C,H,04 

OzaUe  add.  llalonie  add.  Tutronio  add. 

CH,04  CaH^O*  C,H.O, 

861.  ''  Although  the  formation  of  tartronic  acid  from 
glyceric  acid  has  not  yet  been  experimentaUy  established, 
other  properties  point  out  the  existence  of  an  intimate 
connection  between  these  two  substanoes. 
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862.  **  The  oxidation  of  propyl-glycol  yieldfl,  according 
to  the  conditions  of  the  experiment,  lactic  or  glyoolic 
acid. 

^^'if  f  O,  +  20  =  O.H.O.  +  H,0 

863.  "  Glyceric  acid  may  be  converted  into  lactic  acid, 
and  tartronic  acid  into  gly colic  acid.  The  transformation 
of  glyceric  and  tartronic  acids,  and  their  composition, 
support  the  Tiew,  therefore,  that  they  are  connected  in  the 
same  manner  as  oxalic  and  slycolic  acids. 

864.  "  According  to  onr  Knowledge  of  several  salts  of 
glyceric  acid,  this  sabstance  appears  to  be  monatomie; 
but  if  we  consider  its  deriration  from  glycerine,  the  riew 
of  M.  Wurtz,  who  considers  glyceric  acid  to  be  tiiatomie, 
is  Tcry  probably  correct. 

(C.  H.  0)"  I  Q^  glyceric  acid. 

This  point,  however,  requires  further  investigation."' 
Debus. 

866.  JFbrmaium  of  ghfceramine,  —  When  monoehlor- 
hydrine  acts  on  ammoma,  the  hydrochlorate  of  a  bsae 

oaUed  glyceramine  is  formed,  CI    'h'^^"  \  N. 

866.  Traiuformaiion  qf  fflycerine  into  vropyl-ghfcoL— 
When  an  aqueous  solution  of  monochlornydrine  is  acted 
upon  at  the  common  temperature  with  an  amalgam  of 
sodium,  it  is  converted  into  propyl-glycol. 

867.  Decomposition  of  glycerxne  hy  potash, — ^When  gly- 
cerine is  gently  heated  with  hydrate  of  potash  or  soda,  it 
is  decomposed,  hydroeen  is  liberated,  and  acetate  sod 
formiate  of  potash  are  formed. 

868.  There  can  be  no  doubt  that  if  we  were  to  employ, 
in  place  of  terbromide  of  allyl,  the  iodides,  bromides,  or 
chlorides  of  other  triatomic  radicab,  corresponding  tri- 
atomic  alcohols  woxdd  be  formed. 

XXXRCI8B. 

157.  Write  out  the  formulas  of  the  following  bodies,  and 
state  how  you  would  prepare  them: — Monoleine,  dibu- 
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tyrine,   monoralerine,    tribenzocjine,    dipahnytine,    tri- 
steaiine,  benzochlorhjdrine. 

APPENDIX  F. 

Appendix  to  Gltcbbinb  Gboup. 

869.  LonreD90  lias  quite  recently  obtained  polygly- 
cerines  which  stand  in  the  same  relation  to  glycerine  as 
the  polyethylenic  bodies  do  to  glycol.  For  further  infor- 
mation respecting  these  polyglycerines,  the  student  is 
referred  to  the  "E^pertoire  de  Chimie  Pure,"  vol.  iii., 
page  147. 


Negative  Gbottp. 

870.  This  n^up  embraces— (1)  The  mineral  triatomie 
acids.  (2)  Tke  organic  triatomie  acids,  and  the  salts  of 
these  acids. 

Tbiatohic  Acids. 

871.  The  substitution  of  a  triatomie  acid  radical  for 
three  atoms  of  hydrogen  in  three  molecules  of  water, 
produces  a  triatomie  acid. 

872.  Tribasic  acids  are  not  yolatile  without  decom- 
position. They  can  form  three  classes  of  salts,  according 
as  tiiey  exchange  one,  two,  or  three  atoms  of  hydrogen  for 
a  metal.    Examples : — 

Phosphoric       Primary  phosphate    Secondaiy  phtw-        Tertiur  pho«- 
Mad.  of  potash.  phata  of  potash.       ph»toofpotaah. 

<'h?"!o.    <Sf£fo.     (g'i-jo.     c^^»>-5o. 

873.  These  acids  can  give  with  each  alcohol  three  ether 
salts,  one  of  which  is  neutral,  and  the  other  two  are  acid. 
Examples : — 

Vrinurj  phosphoric       Bcoondmrj  phosphoric     Tertmry  phosphoric 
ethjl-cther.  ethjl-ether.  ethyl-ether. 

874.  Considered  in  the  state  of  vapour,  under  the  same 
volume,  the  neutral  ethers  (tertiary  ethers)  of  the  tribasic 
acids  contain  three  times  the  amount  cf  the  alcohol  radical 
which  the  neutral  ethers  of  the  monobasic  acids  contain. 
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875.  The  ammoDiacal  salts  of  the  tribasic  acids  are  not 
volatile  without  decompositioa.  Their  amides  are  still 
little  known;  howeyer,  we  hare  already  obtained  some 
acid  amides  and  diamides  which  correspond  to  the  tribasie 
acids. 

876.  Conndered  in  the  state  of  vapowr,  under  the  same 
volume,  the  chlorides  of  the  tribasic  acids  contain  three 
times  the  amount  of  chloride  which  the  chlorides  (^f  mono- 
basic adds  contain. 

(1.)  MivBSAL  Acids. 

877.  The  following  are  the  principal  tribasic  inoiganlfi 
acids : — 

Frinuurj  deiiTatirM.  Seeaaduj  diJiiiali»w 


Phon^horic^nd.-  (^gf  jo.    ^^^"^    ^    p,o. 
A«e.ia«.«id    -        ^;|0.    ^--   .  ^0. 

(2.)  OsGjiKic  Acids. 

878.  Only  a  small  number  of  triatomic  organic  acids 
is  known.f 

FixsT  Class. 

879.  Glyceric  acid  appears  to  be  monobasic,  but  its 
salts  hare  as  yet  been  but  little  investigated.  Flom  its 
derivation  from  the  triatomic  body,  glycerine,  it  must  be 
triatomic,  and  it  will  bear  the  same  relation  to  one  or 
perhaps  two  series  of  acids  which  lactic  acid  bears  to  the 
oxalic.    Its  formula,  represented  as  a  triatoDiic  acid,  is 

(o.H.or(o 

H,        S  "»• 

*  The  oompoflitioii  of  the  iiyrophoephAtes  is  H^  P^  O, ;  thor  mMf  be 
viewed  et  formed  by  the  onion  of  an  atom  of  orthophosphate  with  an  etaB 
of  metaphosphate. 

t  Dr.  Maxwell  Simpeon  has  qoite  recently  obtained  a  tribade  aeid  bf 
acting  npon  terqjanide  of  allyl  with  potash. 
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Sbcohd  Class. 
880.  There  must  be  an  acid  standinff  to  glyceric  acid 
in  the  same  relation  as  oxalic  acid  stancb  to  glycolic  acid, 
and  the  acid  most  be  triatomic,  and  probably  will  be 
tribasic.  Debas  thinks  that  tartronic  acid  occupies  this 
relation.  This  acid  as  yet  has  only  been  prepared  from 
the  spontaneous  decomposition  of  nitro-tartario  acid.  It 
forms  a  neatral  and  acid  salt  with  ammonia;  it  has 
therefore  been  considered  to  be  bi  basic,  and  homologous 
with  malic  acid ;  but  if  the  view  of  Debus  be  correct,  it 
must  be  a  triatomic  acid.    Its  formula  would,  in  accord- 


ance 


with  this  Tiew,  be  (^»  g^^J"  ^  O,. 


FouBTH  Glass. 

881.  We  shall  merely  give  the  names  and  formulcB  of 
the  foUowing  acids : — 

Citric  add  ....  (^•g|^*)"|0. 
Aooniticacid  -  -  -  .(^•^|0.r|o. 
Meconicacid  -  -  -  -(^'5^*)'  |o, 
Chelidonio  acid         ...  (^'  g  ^•)*  |  O, 

882.  The  anhydrides  of  these  acids  have  not  been 
obtained. 

BXEBCISB. 

158.  Write  out  the  formulsB  of  the  following  salts  and 
ethers:  —  Primary  phosphate  of  potassium,  secondary 
citrate  of  sodium,  tertiary  phosphate  of  calcium,  primary 
]^ho0phoric  ethyl-ether  (monethyl  phosphoric  acid),  ter- 
tiary phosphoric  eth;^l-ether  (neutru  phosphate  of  ethyl^, 
secondary  phosphoric  ethyLether  (Diethyl  phosphoric 
acid),  biethyl  citric  acid. 

QUADBUPLB  MOLBCULB. 


i;io- 


883.  The  only  body  we  shall  notice  under  this  type  is 
silicic  acid. 
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884.  Dr.  Odling  has  recently  directed  attention  to  the 
basicity  of  silicic  acid.  He  regards  this  acid  as  a  tetra- 
basic  acid,  and  he  bases  this  opinion  npon  the  following 
facts : — "  We  are  acquainted  with  rarioos  binary  com- 
pounds of  hydrogen,  and  with  certain  quadroxy  acids  and 
salts  indirectly  procurable  from  them,  thus : — 


Chlorhydric  acid  -  H  CI 
Sulphydric  acid  -  H,  S 
Phospnamine  -  H,  P 


H  CI  O4  -  Perchloric  acid 
H,  S  O4  -  Sulphuric  acid 
Hs  P  O4  -  Phosphoric  add 


And  it  seems  to  be  a  general  rule,  that  binary  hydrides, 
with  one,  two,  three,  or  more  atoms  of  hydrogen,  yidd 
quadroxy  acids  and  salts,  with  an  equal  number  of  atoms 
of  hydrogen,  or  equivalents  of  basic  metals,  respectively.'* 

885.  If  one  equivalent  of  water  (Ht  O)  is  removed  £rom 
the  phosphoric  acid,  we  obtain  what  is  termed  metaphos- 
phoric  acid,  and  as  this  acid  has,  like  perchloric  acid,  only 
one  atom  of  basic  hydrogen,  it  is,  like  that  acid,  mono- 
basic, it  unites  only  with  one  atom  of  base.  Now  the 
tribasic  salts  we  shall  term  orthophosphates,*  and  the 
monobasic  ones  metaphosphates. 

886.  Between  the  meta  and  ortho-phosphates  th^e  is 
an  intermediate  class,  which  may  be  viewed  as  composed 
of  an  atom  of  each  of  the  two  salts  named,  viz.,  meta  and 
ortho-salts. 

M,P04  +  M,PO.  =  M^P.Or 

887.  When  phosphoric  anhydride  (PtO,)  is  fused  with 
a  salt,  it  depends  upon  the  facility  with  which  the  anhy- 
dride of  that  salt  can  be  driven  off,  whether  we  obtain  an 
ortho,  meta,  or  intermediate  phosphate.  Thus,  Dr.  Odling 
finds  that  when  sulphate  of  magnesium  is  heated  wit£ 
phosphoric  anhydride,  orthophosphate  of  magnesium 
(MgsPOi)  Ib  produced,  because  sulphuric  anhydride  is 
somewhat  readily  expelled  from  magnesia;  but  when 
phosphoric  anhydride  is  fused  with  sulfate  of  potassium, 
only  metaphosphiite  of  potassium  (K  JP  Os)  is  produced, 
because  sulphuric  anhydride  is  powerfully  retained  by 
potassa.  The  phosphoric  acid  obtained  from  the  magne- 
sium salt  gave  a  yellow  precipitate  with  ammonio-nitrate 
of  silver,  and  did  not  coagulate  albumen.    The  phosphoric 

*  For  an  ezpUnatioii  of  this  term,  see  par.  707. 
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acid  obtained  from  the  potash  salt  gave  a  white  pre- 
cipitate of  nitrate  of  silrer,  and  did  coagulate  albumen. 

888.  "  The  case  of  silicic  acid  appears  to  be  precisely 
similar  to  that  of  phosphoric  acid,  in  default  of  a  correct 
loiowledge  of  the  composition  of  siliciuretted  hydrogen, 
we  rely  upon  our  acquaintance  with  chloride  of  silicon. 
The  yapour-density  of  this  compound  requires  the  existence 
of  four  atoms  of  chlorine  within  its  two-volume  molecule, 
and  its  formula  is,  consequently,  Si  CI4,  with  which  ex- 
pression, moreover,  its  reactions  best  accord.  Correspond- 
ing to  this  chloro-derivative  of  a  tetrahydride  of  silicon, 
we  ought  to  have  a  class  of  tetrabasic,  quadroxy  ortho- 
silicates,  having  the  general  formula  M4  Si  O4,  and  con- 
stituting the  fourth  term  of  the  following  series : — 

Perchlorates  -  •  MCIO4 

Sulphates  -  -  M,S04 

Phosphates  -  -  M.  PO4  —  M,  O  =  M  PO, 

Silicates  -  -  M4Si04  —  MjOiziMaSiO, 

889.  Precisely  as  the  tribasic  are  the  most  highly  basic 
of  the  phosphates,  so  are  the  tetrabasic  the  most  highly 
basic  of  the  silicates;  and  as  the  tribasic  orthopbos- 
phates,  by  the  loss  of  an  atom  of  base,  M^O,  become 
monobasic  metaphosphates,  so  do  the  tetrabasic  orthosili- 
cates,  by  the  loss  of  an  atom  of  base,  M,  O,  become  bibasic 
metasilicates ;  and  as  there  are  intermediate  or  pyro- 
phosphates, with  seven  atoms  of  oxygen,  so  are  tiiere  in- 
termediate i  silicates  with  seven  atoms  of  oxygen ;  and  as 
phosphoric  anhydride,  when  fused  with  a  salt  of  a  volatile 
anhydride,  may  form  an  ortho,  meta,  or  intermediate  phos- 
phate, according  to  the  facility  with  which  the  volatile 
anhydride  is  liberated,  so  does  silicic  anhydride,  when 
fused  with  the  salt  of  a  volatile  anhydride,  yield  an  ortho, 
meta,  or  intermediate  silicate,  according  to  the  facility 
witJi  wluch  the  volatile  anhy  dride  is  li berated.  Carbonate 
of  lithium  evolves  carbonic  anhydride  more  readily  than 
does  carbonate  of  potassium,  while  carbonate  of  sodium  is, 
in  this  respect,  intermediate  between  the  two.  Hence, 
when  Colonel  York  fused  silica  with  each  of  these  alkaline 
carbonates,  he  obtained  with  carbonate  of  lithium  an 
orthosilicate  (Li4  Si04) ;  with  carbonate  of  potassium  he 
obtained  a  metasilicate  (K»  SiO^) ;  whilst  with  carbonate 
of  sodium  he  obtained  an  intermediate  silicate  (NacSiaOr 
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==  Na«  8i04  +  Na,  SiO,)  ;*  and  it  will  be  found  thai  aD 
Don-alttmiDOXis  flilicatee,  which  do  not  contun  an  ezoess  of 
silicie  anhydride,  may  be  referred  to  one  or  other  of  ifae 
three  types, — 

M4  Si  O4,  orthoBilicate  =  2  M,  O,  SiO, 
M|  Si  Os,  metasilicate  =  Ms  O,  SiO, 
M«  Si,  O7,  i  silicate      =  3  M,  O,  2  SiO, 

890.  "  If  we  consider  alumina  as  always  basic,  tben 
there  are  silicates  in  which  the  basicity  exceeds  that  of  the 
tetrabasic  group ;  but  the  basic,  or  acidulous  function  of 
alumina  in  man^f  minerals  is  yet  sub  iudice;  and  if 
we  exclude  aluminous  minerals,  we  shall  find  that  the 
tetrabasic  are  the  most  highly  basic  of  all  known  silicates, 
natural  or  artificial.  As  illustrating  the  existence  of  the 
above  three  classes  of  silicates,  I  append  the  following 
lists,  which  are  capable  of  considerable  extension.  It  is 
observable,  however,  that  the  ortho-silicates  are  far  more 
numerous  than  either  the  meta  or  }  silicates  ;  that  they 
are,  in  fact,  the  normal  salts,  both  as  regards  constitatioii. 
and  distribution. 


Class  I. — Orthosilicates. 


Type,  M^SiOo 
phate. 

Et^SiO* 

Li4Si04 

Na^SiO* 

Ca^SiO* 

Mg.Si04 

Ca,Mg,SiO« 

Zn4Si04,H,0 

GlSiO,       . 

Y4Si04 

Ce4Si04 

Z4Si04 

Mn4Si04      - 

Mn,Gl,Si04 

Fe4Si04 

(MgFe)4Si04 


corresponding  to  M,P0o  orthophos-t 


Silicic  ether  (2  vols.) 

Orthosilicate  of  lithium 

Ortbosilicate  of  sodium 

Orthosilicate  of  calcium 

Olivine,  chrysolite 

Batrachite 

Zinc  glance 

Fhenakite 

Gadolinite 

Cerite 

Zircon 

Orthosilicate  of  manganese 

Helvine 

Fayelite,  forge-cinder 

Hyalosiderite 


*  PhikMopliioal  TnnMMtaau,**  1867. 
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FeiMiiaSiO* 
fe^  Si  O4 
(/tfreCa),SiO, 
Cii,H,Si04  - 

^^Ca,Si04 
a/,CaSi04    • 
ai(CaNa)'Si04 
^/.MnSiO^ 


-  KnebeHte 

-  Yellow  earth 

-  Ilyaite 

-  Dioptase 

-  Bucnokite 

-  Garnet,  idocraae,  vesavian 

-  Wemerite,  anorthite 

-  Thomsonite 

-  Karpholite 


891.  "In  addition  to  these  comparatiTelY  simple  ortho- 
silicates,  which  can  readily  be  formulated,  there  are  a 
great  number  of  complex  silicates,  containing  mixtures  of 
aereral  bases,  proto-eqniyalent  and  sesqui-equiralent, 
which  evidently  nertain  to  the  formula,  M4  Si  O4,  or  M,  O, 
SiOs,  because,  despite  great  rariations  in  composition, 
tiie  ratio  of  the  oxygen  in  the  base  to  the  oxygen  in 
the  anhydride  invariably  equals  ).  Such,  for  instance, 
are  harmatome,  prehnite,  cbabasite,  mesotype,  &c. 

Class  II. — Metasilicates. 

Type,  Ma  Si  Og,  corresponding  to  MFOs,  metaphos- 
phate. 

£,SiOs         -  -  Metasilicate  of  potassium 

Na,Si08,H,0      -  -  MetAsilicate  of  sodium 

Ca,SiOa        -        •  -  Wollastonite 

MgaSiO,      ...  Ficrosmine,  aphrodite 

CaMgSiOs-        .  -  Augite 

SCaMffFe),SiO«-  -  Di^age 

re,SiD|       -        -  -  Iron  slag 

MnFeSiOi-        -  -  Fyrosmalite 

^4SiO„H,0       -  -  Clay 

fcfSiOt         -        -  -  Nontronite 

Cu,SiO„H,0      -  .  ChrysocoUa 

Class  m.— }  Silicatet. 

Type,  MsSiaO,,  corresponding  to  M^FaOr,  pyrophos- 
phates. 
NaeSi,07     -        -        -    Silicate  of  sodium 
Mg«Si,OT     -        -        -    Ophite,  noble  serpentine 
H^SijOr        -        -        -    Clay 
{aiMgFe),Si,OT  -        -    Cordierite 
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Caiai^Si,0,  -        -  -  Sarcolite 

Fe«  Si,  Or*      -        -  -  Iron  Blag[ 

/e«SiiOr,  H,0       -  -  Hisinirente 

Fe,a/4Si,0r,H,0  -  Ottrefite 

892.  "  From  the  foregoing  lists,  we  perceive  that  phos- 
phates and  silicates  are  strictly  comparable  with  one 
another ;  but  a  comparison  of  the  j^hosphoric  acida  with 
their  corresponding  silicic  acids  is  impossible,  from  our 
ignorance  ot  the  constitution  and  properties  of  the  latter 
acids,  if  indeed  they  have  any  existence ;  but  we  should 
not,  I  think,  expect  to  observe  any  decided  differenoes  in 
the  three  modifications,  seeing  that  even  in  the  phos- 
phoric acids,  despite  the  facilities  afforded  by  their  soluble 
condition,  the  distinctions  are  not  of  a  highlv  characteriBtie 
kind.  We  might  even  speculate  upon  what  our  know* 
ledge  of  the  varieties  of  phosphoric  acid  would  now  have 
been,  if  orthophosphate  of  silver  had  chanced  to  be  of  a 
white  instead  of  a  yellow  colour." 

893.  Dr.  Odling  then  enters  upon  the  relationa  of 
nitrates  and  phosphates  to  carbonates  and  silicates  re- 
spectively, but  we  must  refer  the  student  to  the  origiiial 
paper.* 


CHAPTER  IX. 

HTDBOCHLOBIC  ACID  TYPE. 


894.  The  substances  grouped  under  each  molecule  are 
subdivided  into  positive  chlorides  and  negative  chlorides. 

SiMPLB  MOLSCTTLB. 

HCl. 

POSITIVB  ChLOBIDBS. 

896.  This  group  embraces— (1)  The  chlorides,  &o.,  of  the 
monatomic  metals.  (2)  The  chlorides,  &c.,  of  the  m<m- 
onium  bodies.  (3)  Ine  chlorides,  &c.,  of  the  monatomic 
alcohol  radicals.    (4)  The  chlorides,  &c.,  of  the  vinyl  series. 

•  "  Dr.  Odlixie  on  Ortho  and  MeU-8i]i<»teB."~PMioMpJU«a<  Magaeime 
1867.  The  atudenl  might  also  oonsolt  with  advantage  a  paper ISr^Dr 
Odling  on  Adda  and  Salts,  in  Tol.  i.  of  the  CiMiicoZ  i^«M.      ^^ 
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(1.)  Chlobidxs  of  thb  Pobitttb  Mbtals. 

896.  AH  those  metals  which  we  have  given  under  the 
simple  molecule  of  hydrogen  (H,  H)  as  monatomic,  ore 
capable,  of  course,  of  forming  chlorides  on  the  type  of  a 
single  molecule  of  chlorhydrio  acid  (H  CI) ;  and  as  brom- 
lijcffic,  iodhydric,  fluorhvdric,  and  cyanhydric  acids  are 
formed  on  the  tvpe  of  chlorhydrio  acid,  these  monatomic 
metab  form  also  bromides,  iodides,  fluorides,  and  cy- 
anides, on  the  type  of  a  simple  molecule  of  chlorhydnc 
mcid*  thus : — 

KBr;  FeCy;  PtCl;  AuCL 

897.  The  diatomic  metals,  Cu  and  Hg,  form,  of  coursei 

cUorides,  bromides,  &c.,  on  the  type  of  a  single  molecule 
of  H  CI,  two  atoms  of  the  metal  replacing  one  atom  of 
hydrogen,  thus : — 

Cu,Cl;  Hg,Oy. 

-    (2.)  Chlobidbs,  btc,  of  thb  Mok-okiux  Bodibb.* 

898.  We  shall  hereafter  see  how  the  iodides,  bromides, 
Ac.f  of  the  primary,  secondary,  and  tertiary  ammonium 
derivatives  are  prepared,  and  also  how  the  iodides  of  the 
tetra-oompounds  are  formed. 

BXBBCI8B. 

159.  Write  out  the  formxda  of  chloride  of  amvl-ammo- 
niiiin,t  bromide  of  biethyl-ammonium,  iodide  or  triethyl- 
ammonium,  and  chloride  of  methy-ethyl-amyl-tolyl-am- 
monium. 

899.  The  iodides,  bromides,  and  chlorides  of  the  tetra 
ooimpoundB  are  decomposed  by  heat  into  the  iodides, 
bromides,' or  chlorides  of  an  alcohol  radical  and  a  tertiary 
monamine.  When  these  iodides  are  thus  decomposed, 
the  two  substances  into  which  they  are  decomposed,  the 
iodide  of  the  alcohol  radical  and  the  amine,  rapidly  unite 

•  This  groap,  mon-omnm  bodies,  murt  not  b«  oommenoed  until  ilie 
itodent  hM  studied  Uie  monaminee  end  monamidee. 

t  The  combini^one  of  the  halogens  with  the  primary,  seoondarj,  md 
tertiary  ammonium  deriratiTee  are  flreqnently  deeignated  as  if  they  were 
combiMtlona  of  these  with  the  hydrogen  aoids ;  thus,  instead  of  chloride  of 
amjl-ammoninm,  this  body  woald  be  named  hydroohlorate  of  amylamine. 

2  0 
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affain ;  they  combine  even  in  the  neck  of  the  retort.  Th» 
chlorides,  bromides,  and  iodides  of  the  tertiary,  seoon- 
darv,  and  primary  monammoniums,  undergo  by  heat 
analogoos  decompositions;  a  chloride,  bromide,  or  iodide 
of  an  alcohol  radical  being  formed  in  the  decomposition 
of  each  class  of  salts,  and  a  secondary  monamine  being 
formed  in  the  decomposition  of  the  tertiary  monam- 
moniums,  a  primary  monamine  in  the  case  of  the  secon- 
dary ammoniums,  and  ammonia  in  the  case  of  the  primaiy 
monammoniums . 

SXBBCIBE. 

160.  Into  what  substances  is  chloride  of  tetretfayl-am- 
monium,  and  into  what  substances  is  iodide  of  triamyl- 
ammonium,  and  into  what  substances  is  bromide  of 
diethyl-ammonium,  and  into  what  substances  is  chloride  of 
methyl-ammonium,  decomposed  by  heat  P 

900.  We  have  already  noticed  how  the  iodides,  &c.,  of 
phosphoniums,  of  the  arsoniums,  and  of  the  stiboniuma 
are  formed,  l^e  formation  of  some  metal-organo  bodies 
here  claims  our  attention.  If  to  an  alcoholic  sedation  of 
the  triethyl  compound  of  phosphorus,  arsenic,  or  of  anti- 
mony, bichloride  of  platinum  oe  added,  the  colour  of  the 
platinum  solution  disappears ;  if  the  platinum  compound 
be  added  as  long  as  this  takes  place,  the  liquid,  after  the 
reaction  is  complete,  will  deposit  in  a  few  momenta 
magnificent  slightly  yellow  or  colourless  crystals.  This 
bo(^  is  a  compound  ammonium  salt,  having  P,  As,  or  Sb, 
in  tne  place  of  N,  and  three  equivalents  of  Cs  Hs  in  place 
of  three  equivalents  of  H,  the  fourth  equivalent  of  H 
being  replaced  by  platinum.  Terchloride  of  gold  pro- 
duces a  series  of  simdar  gold  compounds,  which  are  eaaily 
obtained  in  beautiful  cotourless  crystals.  Both  the  pla- 
tinum and  gold  compounds  are  generated  with  aimol- 
taneoua  formation  of  the  dichlorides  of  the  bases,  thus : — 

Chloride  c^platotriethyl-phoeidioniom. 

3C(c;H:.),p)+2Pta=2([pt(C.H,).p]ci^+(c,By,pci, 

BXBBCISES. 

161.  Write  out  the  formuls  for  iodide  of  tetramethyl- 
phos^honium,  for  chloride  of  platotriethyl-araonium,  lor 
bromide  of  tetrethyl-stibonium. 
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162.  State  how  you  would  prepare  the  chloride  of 
aurotriethyl-stibonium,  and  ezplain  the  formation  by  an 
equation. 

901.  The  metal  ammoniums  we  shall  pass  oyer.  We 
refer  the  student  who  wishes  to  become  acquainted  with 
these  bodies  to  Dr.  Hoffinann's  pafjer  on  ammonia  and 
its  deriyatiyes,  in  yols.  zi.  ana  zii.  of  the  Chemical 
Society's  Journal.* 

(3.)  Chlobidbs,  eto.,  op  thb  Monatomic  Alcohol 
Eabicals. 

First  Class. 

{General formula,  C^  H,n  + 1  CI.) 

EXBSCISB. 

902.  Write  out  the  formxdae  of  the  following  com- 
pounds:— Chloride  of  methyl,  iodide  of  amyl,  cyanide 
of  ethyl,  bromide  of  hexyl,  cyanide  of  tetryl. 

903.  Preparation  of  the  chlorides  qfihis  clcus  of  alcohol 
radicals, — These  chlorides  are  obtained  by  saturating  l^e 
alcohols  with  dry  hydrochloric  acid  gas,  and  distilling  off 
the  chloride  wmch  is  formed  at  a  yery  gentle  heat ;  or 
they  mrjT  be  obtained  by  pouring  a  mixture  of  three  parts 
of  oil  or  yitriol  and  two  of  the  alcohol  upon  foiir  parts  of 
dry  chloride  of  sodium  in  a  retort,  and  then  applying  heat. 
In  either  case  the  yapour  of  the  ether  chloride  should  be 
conducted  through  a  little  tepid  water  in  a  wash  bottle, 
and  then  conyeyed  into  a  small  receiver  surrounded  by  ice 
and  salt.  It  is  purified  from  adhering  water  by  contact 
witii  a  few  fragments  of  fused  chloride  of  calcmm. 

904.  They  may  also  be  obtained  by  the  action  of  one  of 
the  chlorides  of  phosphorus  upon  the  alcohols,  thus : — 

Tinio  alcohol.  FhoephorouB  aoid.      Chloride  of  ethjL 

3  pg»  I  O]  +  PCI,  =  |^[  O,  +  3(C,H.,C1) 

906.  Properties  qf  these  chlorides. — These  ethers  are 
gaseous  (chforideof  methyl),  liquid,  or  solid  bodies  (chloride 
of  cetyl).    They  are  more  yolatile  than  the  corresponding 

*  When  the  student  hu  gone  through  this  group,  he  commences  the 
fcroap  of  the  hydrsted  oxides  of  the  mon-omoms  Jpwc.  64ff.) 
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alcohols.  They  are  generally  more  stable  than  the  eom- 
■ponding  bromides,  aod  especially  than  the  correspondine 
iodides.  The  chlorine  in  these  cmorides  is  not  precipitated 
by  nitrate  of  silver ;  possibly  it  might  be  by  freshly  pre- 
cipitated oxide  of  silver.  "When  any  one  of  these  chlondefi 
is  treated  with  sodium  in  the  cold,  chloride  of  sodium  and 
the  alcohol  metal  corresponding  to  the  ether  employed  are 
prodaced ;  but  when  the  reaction  is  assisted  by  heat,  hy: 
orogen  is  disengaged,  chloride  of  sodium  produced,  and  a 
hy(&ocarbon  of  the  general  formula  0.  H,b.  An  alooholie 
solution  of  potash  decomposes  these  chlorides  into  chloride 
of  potassium  and  the  corresponding  alcohol,  thus : — 

C,H.C1+5|  0  =  KCl+^»5*|o 

906.  By  the  prolonged  action  of  chlorine,  the  hydrom 
in  die  alcohol  radicfu  can  be  successively  replaced  by 
equal  equivalents  of  chlorine.    Example : — 


Chloride  ethyl  (hydrochloric  ether)     -     C,H, 
Monochlorinated  chloride  of  ethyl      -    CsB^  CI 
Bichlorinated  chloride  of  ethyl   -        -    Ci  H,  Cla 
Trichlorinated  chloride  of  ethyl  -        •    C,  HtCl* 
Tetrachlorinated  chloride  of  ethyl       -    CaH  CI^ 

CCl. 


a 
ci 
a 
a 
a 
a 


907.  The  bichlorinated  chloride  of  methyl,  C  H  CU  CI,  is 
chloroform. 

908.  Preparation  qf  the  bromides  of  these  radicals. — 
They  are  usually  prepared  by  adding,  by  degrees,  seven  or 
eight  parts  of  bromine  to  lortj  parts  of  alcohol  and  one 

Eart  of  phosphorus,  contained  in  a  retort ;  a  very  moderate 
eat  is  applied,  and  the  product  which  distils  over  is 
collected  in  a  cooled  receiver.  It  is  purified  by  agitation 
with  a  weak  solution  of  potash,  which  removes  the  alcohol 
and  the  traces  of  hydrooromio  acid  with  which  it  is  con- 
taminated. The  purified  ether  is  then  digested  upon 
chloride  of  calcium,  and  subsequently  distilled.  The 
changes  which  take  place  are  these:— The  bromine  and 
phosphorus  unite  and  produce  bromide  of  i>hosphorus, 
whion  compound  is  decomposed  by  the  water  in  the  alco- 
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IloI  into  phosphorous  acid  and  hydrobromio  acid ;  the 
nascent  hydroDromio  aoid  forms,  with  the  alcohol,  water 
and  the  bromide  of  the  alcohol  radical. 

909.  Properties  qf  these  bromides.  —  They  are  less 
Tolatile  than  the  corresponding  chlorides,  which  they  re- 
semble in  their  other  physical  characters,  and  in  their 
ehemical  reactions.  Willi  ammonia  and  the  amines 
they  unite,  forming  the  bromide  of  the  corresponding 
anunoniom. 

910.  Preparation  of  the  iodides  of  these  radicals, — The 
iodides  are  prepared  m  the  same  way  as  the  bronudes. 

911.  Properties  of  the  iodides. — ^They  are  less  volatile 
than  the  corresponding  chlorides ;  they  are  also  less  stable. 
We  have  already  seen  that  they  are  decomposed  by  tin 
and  other  metals,  iodides  of  the  metals  being  formed,  and 
tlie  organic  radicals  set  free.  We  shall  hereafter  see  that 
Hofmann  has  employed  them  extensively  in  forming  the 
compound  ammonias,  and  also  in  determining  the  const!- 
tntion  of  compound  ammonias .  Unhlce  the  corresponding 
chlorides,  these  iodides  are  decomposed  by  nitrate  of  silver, 
iodide  of  silver  being  formed,  whilst  the  alcohol  radical 
combines  with  the  nitric  acid. 

912.  Preparaiion  of  the  cyanides  qf  these  radicals, — 
These  cyanides  can  be  obtained  in  two  essentially  dif- 
ferent ways, — (1)  By  distilling  a  sulphovinate  or  homolo- 
gous salt  with  cyanide  of  potusium,  thus : — 

Bn^hoTuiaie  of  Bnlpbate  of  Oyanide  of 


2Dd  Method. — Bj  heating  with  the  dehydrating  agent 
phosphoric  anhydride,  the  ammonia  salts  of  the  adds 
formed  out  of  these  alcohol  radicals,  or  the  amides  of  the 
acid  radicals :  this  method  we  shall  hereafter  consider,  in 
viewing  these  cyanides  as  tertiary  monamides. 

913.  Properties  of  these  cyanides, — Submitted  to  the 
action  of  acids  and  alkalies  they  fix  two  atoms  of  water, 
and  there  is  reproduced  ammonia  and  the  acid  from 
the  ammonium  salt,  of  which  they  can  be  formed  when  it 
is  made  to  lose  two  equivalents  of  water.    Examples : — 
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onniAto< 
potash. 


Hj<dro«rfaBio  FonniAto  of 

MOOL 


(1) 


H,CN  +  5|0+5J0  =  ^^2[0  +  HVN 

Cjanideof 
methjl. 

(2)  CH.CN  +  5|0  +  g|0  =  ^«^«Jj0  +  HjN. 

914.  The  action  of  potassium  upon  cyanide  of  ethyl  is  re- 
markable. If  the  ether  be  allowea  to  fall  drop  by  drop  npon 
potassium  contained  in  a  flask  fitted  to  a  vertical  concLenaer, 
by  means  of  which  any  part  of  the  ether  which  escapes 
decomposition  is  allowea  to  fall  back  upon  the  potos- 
sium,  hydride  of  ethyl  is  formed,  whilst  cyanide  of  potas- 
sium is  produced,  and  an  alkaline  base,  termed  cyanetiune 
(Cis  Hu  Nt),  remains  in  the  flask.  This  base  is  polymeric 
with  cyanide  of  ethyl.  It  crystallizes  from  boiling  water 
in  pearly  scales,  and  forms  salts  with  the  acids.  The 
other  hydrocyanic  ethers,  when  treated  with  potassium, 
appear  to  furnish  compounds  analogous  to  cyanethine. 

Chlobidxs,  etc.,  of  ths  Mon atomic  Alcohol  Badicals 

FOBMIKQ  THE   SeCOND  ClASS. 

( General  formula,  0^  Ht  n  - 1  CI.) 

915.  Preparation, — The  chloride,  bromide,  and  iodide 
of  allyl  are  readily  obtained  by  distilling  allyl-alcohol 
with  the  chloride,  bromide,  and  iodide  of  phosphorus. 
The  chloride  and  bromide  of  allyl  have  also  been  pre- 
pared from  one  of  the  hydro-carbons,  which  is  formed  in 
the  destructive  distillation  of  amylic  alcohol.  The  vapour 
of  vinic  alcohol  is  entirely  decomposed  into  olefiant  gss 
(CsH4),  and  marsh  gas  (CH4),  on  passing  it  through  a 
red-hot  tube.  Capt.  Beynolds  subjected  the  vapour  of 
amylic  alcohol  to  a  similar  treatment,  expecting,  of  course, 
to  get  the  corresponding  hydro-carbons,  t3«  Hw,  and  C«  H», 
but  he  obtained  a  gas  having  the  formula  C,  H«,  whidi 
combined  with  bromine  and  chlorine,  forming  in  each 
case  an  oily  liquid,  having  the  formula  CtHeBra,  and 
C,  Hs  Clt :  these  bodies,  when  treated  with  an  alcoholic 
solution  of  potash,  behaved  like  the  members  of  the 
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olefiant  gas  seriee,  the  elements  of  hydrobromio  acid 
and  hydrochloric  acid  separated,  and  Cs  H«  Br,  and 
Cs  H,  CI,  bromide  and  ohlonde  of  aUyl,  remained.  Iodide 
of  aUjl  is  formed  when  equal  parts  of  crystallised  bin- 
iodide  of  phosphorns,  P  U,  and  the  teratomic  alcohol 
glycerine,  are  distilled;  the  CsHgl  distils  over,  thus: — 

A  considerable  rolmne  of  pure  gaseous  tritylene  is  also 
formed  in  the  reaction,  but  its  formation  appears  to 
be  due  to  a  secondary  action.  Iodide  of  allyl,  wnen  dis- 
tilled with  mercury  and  concentrated  hydrochloric  acid, 
funushes  a  ready  means  to  obtain  pure  tritylene  :— 

C,H,I  +  HCl  +  4Hg=C,H.  +  Hg,I  +  Hg,Cl 

916.  Cyanide  of  allyl  has  lately  been  prepared. 

Chlobidbs,  etc.,  of  thb  Monatomic  Alcohol  Eadicals 
FOfiHiira  THB  Third  Class. 

(General  formula,  C.Hja-T  CI.) 

917.  Preparation, — The  chlorides,  bromides,  and  iodides 
of  these  radicals  are  obtained  hj  distilling  their  alcohols 
with  the  chloride,  bromide,  and  iodide  of  pnosphoras. 

918.  The  cjranides  may  be  prepared  by  the  distillation 
of  the  ammonium  salts  of  their  corresponding  acids. 


APPENDIX  G. 


(4).  Chlobidbs,  btc.,  of  the  Monatomic  Eadigals  ob- 

TAIEBD  FBOM  THB  OlBFIAET  GaS  SbBIBS. 

{General  formula,  C.  H,._i CI.) 

919.  When  the  chlorides,  iodides,  or  bromides  of  the 
biatomic  radicals  of  the  olefiant  gas  series  are  treated  with 
an  alcoholic  solution  of  potash,  hydrochloric,  hjrdrobromie, 
or  hydriodic  acid  separates,  and  there  remains  a  mon- 
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atomio  radical,  having  the  general  formula  C^  Haa.i,  in 
combination  with  chlorine,  bromine,  or  iodine. 

920.  The  one  haying  the  formula  CiH«Cl  is  named 
chloride  of  acetyl,  or  chloride  of  vinyL 


Nbgatiyb  Chlobidbs. 


921.  This  groap  embraces— (1)  The  hydrogen  eom- 
pounds  of  monatomic  elements,  or  radicals,  anuogons  to 
chlorine.  (2)  The  chlorides  of  the  radicals  of  the  oxygen 
adds. 

(1.)  Chlobidxs,  btc,  of  thb  Halogbk  Gboxtp  of  £lb- 

HBBTS  AHD  OF  CtaKOOBN. 

922.  The  halogen  group  of  elements  unite  with  h]^dro- 
gen,  and  form  bodies  constructed  on  the  type  of  a  single 
molecule  of  hydrogen.    The  hydrogen  compound  of  cyano- 

fen  is  also  oonstruoted  on.  the  type  of  hydrochloric  acid; 
ut  cyanogen  is  not  only  monatomic  but  also  biatomie 
and  matomio,  and  therefore  we  have  hydrogen  com- 
pounds of  cyanogen  constructed  on  one,  two,  and  three 
molecules  of  nydrochlorio  acid. 

(2.)  Chlobidbs,  btc,  of  thb  Eadicals  of  thb  Oxtobk 

AOIDS. 

923.  If  chlorine  be  substituted  for  the  typical  hydrog«i 
in  aldehydes,  the  chlor-aldehyds,  or  the  onlorides  of  ^e 
acid-radicals,  are  obtained.  "  The  chlor-iddehyds  react 
with  water  to  exchange  CI  for  peroxide  of  hydrogen,  HO, 
so  as  to  form  chlorhydric  add,  and  the  normal  oxacids  to 
which  they  correspond. 

Chlor-aldehyda.  Aoid*. 

Kitrio  •  .  C1N0|+  H.0«  Ha  +  H  NO.  or  (HO)  KG. 
Sulpkurio  •  C1.80.  +  2H.0  8  2HC1  + H.SO«  or  (HO).SO. 
Phoiphorio-    Cl.PO   +  SH.O  »  8H01  +  H,PO«  or  (HO).PO 

924  "It  is  observable  that  the  conversion  of  normal 
aldehyds  into  acids  by  oxidation,  may  be  represented  as 
an  exchange  of  hydrogen,  H,  for  peroxide  of  hydrogen. 
Thus,  the  reactions  of  chloro  and  normal  acetic  aldehyds, 
upon  water  and  peroxide  of  hydrogen  respectively,  may 
be  written  in  the  following  corresponding  manner : — 
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Cl,C.H.O+jgo=H    J+HO,C.H.O, 
H.C.H.O+  {18  =  5^[  +HO.C.H.Or''^'^*'' 

925.  "The  chlor-aldehyds  bear  to  their  corresponding 
acids  the  same  relations  that  metallic  chlorides  Dear  to 
metallic  hydrates,  and  may  be  represented  accordingly, 
thnfl: — 

Chloridet.  Chlor-aldehydB. 

7«'Pi   3(cSh,0)'C1  Acetw 
^^^^  i      (NOJ'Cl  Nitric 
PfCl,    -     (SO,)' CI,  Sulphuric 
Bi"Cl,    .     (POy  CI.  Phosphoric 

Hydrmtes.  Aaidk 


Zn'jof'5'^'>  Acetic 

]^'}0,   -     (^g'J'jo,  Sulphuric 

g^  I  O,  -    (^^)'  J  O,  Phosphoric 

As  if  the  molecular  groupings,  C,  H,0,  NO,,  SO,,  PO, 
Ac.,  wei^e,  like  zinc,  platinum,  bismuth,  &c.,  proto,  bi,  and 
ter,  equiTalents  respectively." 

^  926.  The  acid  or  negative  chlorides  are  monatomic, 
biatomic,  or  triatomic,  according  to  the  acids  from  which 
they  are  derived. 

MOKATOHIO  AOID   ChLOBIDBB. 

927.  In  place  of  giving  a  list  of  these  acid  chlorides,  we 
shall  require  the  student  to  give  the  formula  of  these 
bodies. 

928.  Preparation. — ^We  have  already,  in  par.  393,  de- 
scribed the  methods  by  which  these  bodies  are  obtained; 
we  may  here  add,  that  they  ma;^  sometimes  be  obtained 
direct  from  aldehydes  by  substituting  chlorine  for  the 
typical  hydrogen. 

929.  Properties. — ^These  bodies  are  generaUy  volatile 
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fuming  liquids.  They  are  remarkable  for  the  fadlitj 
with  which  they  are  traDsformed  in  contact  with  water 
or  its  derivatiyes  (alcohol,  alkalies,  alkaline  salts),  or  in. 
contact  with  ammonia  and  its  derivatiyes. 

Ist.  In  contact  with  water  they  are  transformed  into 
monobasic  acids : — 

Chloride  of  othyl. 

C,H,0,  CI  +  g  I  o  =  (^«g»^)  j  o  +  Ha 

2nd.  With  the  alkalies  they  behaye  in  a  corresponding 
manner: — 

C,H,0,C1  +  Ij  O  =  (^«g«^)  j  O  4-  KCl 
3rd.  With  the  alcohols  they  give  compound  ethers : — 

C.H.O,Cl+  ^«g«  jo=  \c'^h\?^  I  O  +  Ha 

4th.  With  alkaline  salts  they  produce,  as  we  have  seen 
(394  and  elsewhere),  the  acid  anhydrides. 

5th.  With  ammonia,  or  carbonate  of  ammonium,  they 
give,  as  we  shall  learn  herea&er,  the  primary  amides. 

6tli.  With  the  primary  amides  and  the  organic  alkalies, 
diey  give,  as  we  shall  learn,  the  secondary  amides  and 
the  alkalamides. 

BXEBCISB8. 

163.  Write  out  the  formula  for  the  following  bodies, 
and  state  how  you  would  prepare  them  : — Chloride  ^  of 
butyryl,  chloride  of  benzoyl,  cHoride  of  pelargyl,  chloride 
of  cinnamyl ;  chloride  of  capryl. 

164.  In  how  many  volumes  of  these  chlorides  is  one 
atom  of  chlorine  contained  P 

DOCTBLB  MOLBCULB. 

H.Cl.. 

POSITIYB   ChLOBIBBS. 

930.  This  group  embraces — (I)  The  chlorides,  &c.,  of 
the  diatomic  metals.    (2)  The  chlorides,  &c.,  of  the  di- 
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oninm  bases.    (3)  The  chlorides  of  the  radicals  of  the 
biatomio  alcohols. 

(1.)  Chlobides  of  the  Fosititb  Metals. 

931.  The  metals  which  we  have  giyen  under  the  doable 
molecule  of  hydrogen  are  capable,  of  course,  of  forming 
chlorides,  bromides,  &c.,  on  the  type  of  a  doable  molecule 
of  chlorhydric  acid  (Hi  Gli),  thus : — 

PfCl,;  Pd'I,;  Sn'Cl,. 

932.  The  biatomic  chlorides  unite  with  monatomic 
chlorides,  forming  double  salts.    Example : — K  CI,  Ft  Cls. 

(2.)  Chlobides,  etc.,  of  Di-onium  Bases.* 

933.  As  the  preparation  of  these  bodies  is  described  in 
the  polyammonia  group,  it  is  unnecessary  here  to  enter 
upon  the  subject.  We  shall  only  give  the  student  some 
exercises  on  tkese  bodies. 

EXEBCISB. 

165.  State  how  you  would  prepare,  and  give  the  for* 
mulas  of,  the  foUowing  bodies : — Dibromide  of  ethylene 
diammonium,  dibromide  of  hexethyl-ethylene  di^hos- 
phonium,  dibromide  of  triethylene  diammonium,  dibro- 
mide of  ethylene  triethyl-bimethyl  phosphammonium, 
dibromide  of  diethylene-diethyl  diammonium,  dibromide 
of  ethylene-triethyl  arsammonium,  dibromide  of  hexethyl- 
ethylene  arsoniom,  dibromide  of  hexethyl-ethylene  phos- 
phwrsonium. 

(3.)  Chlobides  of  the  Biatomic  Alcohol  Eadicals. 
(Qeneralformula,  CnH.aCl,.) 

934.  The  members  of  the  defiant  gas  group  combine 
readily,  as  we  have  already  stated,  with  two  equivalents 
of  chlorine,  of  iodine,  or  of  bromine,  forming  the  bichlo- 
rides, biniodides,  or  the  bibromides  of  these  bodies. 


*  Thia  group  of  basM  mnat  not  be  attempted  by  the  atadent  until  he  haa 
gone  throo^  the  diaminea  and  diamidea.  He  then  oommenoea  thia;  and 
wh«n  he  haa  oompleted  the  ezerciaea,  he  goee  to  the  hjdrated  oxidea  of  the 
di-oniiiina  (par.  79^). 
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XZBBCI8B. 

166.  The  student  must  write  out  the  formulee  of  tiie 
following  compounds : — Bibromide  of  butylene,  bichloride 
of  propylene,  bichloride  of  amylene,  bibromide  of  bexy- 
lene,  bichloride  of  butylene. 

935.  Preparation  of  these  chlorides,  iodides,and  bromide^, 
— Hie  direct  action  of  chlorine,  iodine,  or  bromine  upon 
olefiant  gas,  or  any  other  member  of  the  series,  giTcs 
respectively  the  bichloride,  biniodide,  or  the  bibromide  of 
the  member  acted  upon. 

936.  Properties. — These  compounds  are  attacked  hj  an 
alcoholic  solution  of  potash.  They  are  resolved  by  this 
agent  into  a  ehloride,  bromide,  or  iodide  of  a  radical,  the 
general  formula  of  which  is  CbHi..!  (919),  and  hydro- 
chloric, hydrobromio,  or  hydriodic  acid.  This  property 
distinguisnes  them  from  tne  following  compounda  be- 
longing to  the  haloid  compounds  of  the  monatomic  aloohol 
radicals  of  the  first  class,  viz.,  C,  H«  CI,  CI ;  C,  H«  Br,  Br ; 
and  Cs  H«  I,  I ;  for  these  latter  bodies  are  not  decom- 
posed by  an  alcoholic  solution  of  potash. 

937.  If,  after  these  chlorine  or  bromine  compounds  have 
been  obtained,  we  continue  to  act  upon  them  with  a  further 
quantity  of  dilorine  or  bromine,  we  can  replace  one  or 
more  or  the  equivalents  of  hydrogen  in  the  radical  by  its 
equivalent  of  chlorine  or  bromine.  In  the  case  of  olenant 
gas,  all  the  hydrogen  has  been  removed  and  replaced  by 
chlorine.    Example : — 

BoiliBf    I>ea* 

point,  C.    ntj. 

1.  Biobloride  of  ttthylmieCDatch  liquid)  -  C.H«        CI.      8S-6    l'S56 

5.  Bichloride  of  monehlor-ethfleiw  -       -  OaHsCl    CI.    116      I'ttS 

3.  Bichloride  of  bichlor-ethylene       -       -C.H.Cl.  CI.    135       1*579 

4.  Bichloride  of  triohlor-ethjlene     -       -  C.H  CI.  CI.    168       I-SIO 

6.  Bichloride  of  qiutdriohlor-ethjlene       -  C.C1«        CI.    180      SHXX) 

938.  The  first  four  compounds,  when  treated  with  an 
alcoholic  solution  of  potash,  lose  the  elements  of  hydro- 
chloric acid,  and  their  formula  then  becomes, — 

C,H,C1  I  C.HCl. 

C,H,C1.  I  ecu 

939.  By  the  substitation  of  one  atom  of  chlorine  for 
one  atom  of  hydrogen  in  the  chlorides  of  the  monatomic 
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alcohol  radicals  of  the  first  class,  we  obtain  bodies  isomeric 
with  the  chlorides  of  these  biatomic  alcohol  radicals. 
The  two  groups  of  bodies  are  distinguished  from  each 
oilier  by  their  behaviour  with  an  alcoholic  solution  of 
potash,  as  we  haye  Just  noticed  (936) ;  but  these  monochlo- 
rinated  chlorides  or  the  monatomu;  alcohol  radicals  play  the 
same  part  as  the  chlorides  of  the  biatomic  radicals.  Mono* 
chlormated  chloride  of  ethjl,  (CsH^Cl^CI,  for  example, 
becomes  transformed,  like  its  isomer,  bichloride  of  ethy- 
lene, Ct'S^Clff  into  diacetate  of  glycol,  by  treating  it 
with  acetate  of  silyer ;  it  also  fixes,  like  bichloride  of  euiy- 
lene,  two  molecules  of  ammonia,  a  diammonium  chloriae 
being  formed,  in  which  the  CsH^  acts  as  a  diatomic 
radical. 

940.  Dr.  Maxwell  Simpson  has  lately  obtained  cyanide 
of  ethylene  and  cyanide  of  propylene.  He  prepared  them 
by  treating  the  bromides  of  tnese  bodies  with  cyanide  of 
potassium.  A  mixture  of  two  eauiyalents  of  the  cyanide, 
and  one  of  the  bromide,  togetner  with  a  considerable 
quantity  of  alcohol,  was  exposed,  in  well-corked  soda^ 
water  bottles,  to  the  temperature  of  a  water-bath  for 
sixteen  hours.  Subsequently  the  bottles  were  opened, 
and  the  alcohol  separated  by  distillation.  When  purified, 
cyanide  of  ethylene,  below  the  temperature  of  37  C,  is  a 
crystalline  solid  of  a  light  brown  colour ;  above  that  tem- 
perature it  is  a  fluid  oil.  Cyanide  of  propylene  is  a 
nquid  at  the  ordinary  temperature  of  the  air.  They  are 
converted  by  potash,  as  we  have  already  noticed,  the  one 
into  succinic  acid,  and  the  other  into  pyrotartaric  acid. 


APPENDIX  H. 
Apfbhdix  to  thb  Gfioup. 


941.  When  aldehyd.e  is  acted  upon  by  pentachloride  of 
phosphorus,  an  oily  liquid  is  formed,  which  has  the  fol- 
lowing formula,  CH^Cl,;  it  is  therefore  isomeric  with 
Dutch  liquid,  but  it  is  distinguished  from  that  body  by 
its  lower  boUing  point  (60°  C.l  and  specific  gravit^r,  and 
by  its  not  being  decomposed  oy  an  alcoholic  solution  of 
potash  in  the  cold,  ana  but  slowl]^  when  heated.  The 
C,H4  is  therefore  supposed  to  exist  in  this  and  other 
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compounds  we  shall  notice,  as  a  diatomic  radical,  and  it 
has  oeen  called  ethylidene.  This  radical  is  isomeric,  but 
not  identical  with  ethylene. 

942.  When  the  yapour  of  aldehyde  is  passed  over 
pentahromide  of  phospnoms,  in  a  vessel  externally  cooled, 
chemical  action  ensues,  and  the  products  formed  are 
bibromide  of  ethylidene  (CsH^Bri),  and  ozybrondde  of 
phosphorus.  The  ethylidene  compound  cannot  be  sepa- 
rated from  the  phosphorus  compound  bj  fractional  distil- 
lation, because  the  former  compound  is  decomposed  by 
heat;  but  the  two  compounds  can  be  sepiuiited  by 
agitating  the  mixture  with  lumps  of  ice,  replacing  tiiem 
as  they  melt.  A  dense  yellow  liquid  is  thus  obtained, 
which  IS  insoluble  in  water,  but  is  readily  decomposed  by 
it,  with  evolution  of  hydrobromic  acid. 

d43.  Oil  of  bitter  almonds,  and  other  aldehydes,  yield 
also  bichlorides  of  hydrocarbon  radicals  when  treated 
with  pentachloride  of  phosphorus.  The  composition  and 
properties  of  these  bodies  we  have  already  noticed  in 
Appendix  E,  and  ])ar.  776. 

944.  Both  bromine  and  iodine  act  upon  alljl,  the  one 
forming  bibromide  of  allyl,  and  the  other  bmiodide  of 
allyl.    These  bodies  have  not  yet  been  sufficiently  studied. 

Negative  or  Acid  Chloeipbs. 

946.  This  group  embraces  —  (1)  The  hydrogen  com- 
pounds of  the  biatomic  radicals  analogous  to  chlorine. 
(2)  The  chlorides  of  the  biatomic  radicals  of  the  inorganic 
oxygen  acids.  (3)  Jhe  chlorides  of  the  biatomic  rameals 
of  the  organic  oxygen  acids. 

(1.)  The  Htdbooen  Compounds  of  the  Bibasic  Ba- 

DICALS  ANALOGOUS  TO  ChLOBINB. 

946.  The  radical  in  the  ferrocyanides  is  biatomic;  it 
may  therefore  be  considered  as  representing  the  two 
equivalents  of  chlorine  in  the  double  molecule  of  hydro- 
chloric acid.  The  formula  of  hydroferroc^anic  acid, 
represented  on  this  type,  is  |H,[Fe(CN)tj|.,  and  the 
general  formula  for  the  ferrocyanides  {M>[Fe(CN)s]'[. 

Chlobide  of  Biatomic  Cyanogen. 

(CN)/C1.. 
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(2.)  Chlobidbs  op  thb  Biatomic  Radicals  of  thb 
IvoBQASic  Oxygen  Acids. 

Cldoride  of  carbonyl,  oxy  chloride  of  carbon, . 

phosgene  gas CO', CI, 

Chloride  of  sulphurvl        -        -        -        -  SO/Cl, 
Chloride  of  chromyl,  or  chlorochromic  acid  Cr,  O/,  CI, 

(3.)  Chlobidbs  of  thb  Biatomic  Eadicals  of  thb 
Oboanic  Oxygen  Acids. 

947.  Prifaration.—ThGie  chlorides  may  be  obtained 
by  the  action  of  pentachloride  of  phosphoms  upon  the 
corresponding  anhydrous  acid. 

948.  "  The  action  of  pentachloride  of  phosphorus  on  a 
bibasic  acid,  is  supposed  by  Gerhardt  to  consist  of  two 
stages ;  the  first  being  the  formation  of  an  anhydrous 
acid ;  the  second,  the  conversion  of  that  compound  into  a 
chloride.    For  example: — 

^*^'H!.'o|+^^^-^*»  =  ^*^*^«<^+2HCl  +  POa; 
and  C,H,0,.0  +  PCI,.CI,  =  C,H,0,.C],4-P0CI.; 
whereas,  in  the  case  of  a  monobasic  acid,  the  action 
consists  of  one  stage  only. 

"This  difference  is  connected  by  Gerhardt  with  the 
fact  that  a  bibasic  acid  may  be  supposed  to  contain 
water,  whereas  a  monobasic  acid  cannot  (793).  According 
to  Williamson,  on  the  contrary,  the  two  stages  of  the 
reaction,  in  the  case  of  a  bibasic  acid,  are  precisely  similar 
to  one  another,  and  to  the  single  reaction  which  takes 
place  with  monobasic  acids.    Thus,  with  sulphuric  acid,— 

®h;|o«+^ci^ci,=|2«jo  +  hci  +  poci.; 

and  |^»j  I  O  +  Pa.  C1,  =  S0,.C1,  +  HCl  +  PO  Cl.. 

The  difference  in  the  two  views  of  the  reaction  is  this, — 
that  the  former  supposes  the  first  stage  of  the  action  to 
consist  in  the  formation  of  an  anhydrous  acid;  the 
second  supposes  an  intermediate  compound — ^a  chloro- 
hydrate  of  the  acid— to  be  produced.  The  formation  of 
this  chlorohydrate  has  been  shown  by  IVofessor  Wil- 
liamson to  take  place  with  sulphuric  acid.    If,  however. 
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one  of  the  two  molecnles  of  hjdrocbloric  acid  in  Gerhardt's 
first  equation  be  supposed  to  remain  associated  with  the 
anhydiouB  acid,  the  two  views  will  nearly  coincide.  In 
eyery  case,  indeed,  the  reaction  consists  essentially  in  the 
interchange  of  O  and  C],." 

BXBBC16E8. 

167.  Write  out  the  formula  for  the  following  sab- 
stances  : — Ferrocranide  of  potassium,  bichloride  of  one- 
oinyl,  ferrocyanide  of  potassium  and  barium. 

168.  How  many  volumes  of  these  chlorides  contain  two 
atoms  of  chlorine  r 

Tbbblb  Molbgulx. 
H,C1.. 

POSITIVB  ChLOBIDBS. 

Ghlobidbs  of  thb  Pobitivb  Mbtalb. 

949.  The  ter  and  sesqui  metals,  which  we  have  given 
under  the  treble  molecule  of  hydrogen  (Ha.Ht),  are 
capable,  of  course,  of  forming  ter  and  sesqui  chlorides, 
bromides,  Ac,  thus : — 

Au"Cl,;  Ffe'CI. 

950.  The  teratomic  chlorides,  like  the  biatomic  onea, 
unite  with  monatomic  chlorides,  forming  double  salts. 
Example :— K  CI,  Au"  CI,. 

Chlobidbs  of  Tbiatoxic  Eadicals. 

951.  We  shall  here  notice  the  terohloridee  of  those 
radicals  which  are  triatomic. 

952.  Terlmmide  of  allyl,  C,  H»  Br,.  —  Obtained  bj 
gradually  adding  three  parts  of  bromine  to  two  parts  of 
iodide  of  allyl,  C,H,I,  cooled  in  a  freezing  mixtore, 
leaving  the  liquid  to  stand  until  the  next  daj  ;  then 
washing  the  liquid  separated  from  crystallized  iodme  with 
alkaline,  and  afterwards  with  pure  water ;  dehydrating ; 
distilling  (whereupon  it  turns  brown,  and  gives  off  iodine 
vapours);  again  washing  and  distilling  mat  which  has 
passed  over,  collecting  apart  that  which  distils  between 
210^  and  220° ;  cooling  the  purple-red  liquid  thus  obtained 


OHtOSIBBS  OT  TBIITOXIO  BADICAL8.  401 

to  0^,  wiiereupon  it  solidifies  in  l^e  eryBtalHna  state; 
remoring  the  red  mother-liquor ;  and  lastly,  fusing  and 
again  rectifying  the  product. 

963.  It  is  a  oolourlefls,  neutral  liquid,  haying  a  not  un- 
pleasant odour ;  specific  gravity  2*436  at  23''  C. ;  solidifies 
oelov  10^  (by  slow  cooling  it  yields  shining  prisms,  which 
melt  at  Iff);  boils  between  217''  and  2lK  It  is  called 
isotribromhydrine  by  Berthelet  and  De  Luca. 

9&i.  Terbromide  of  allyl  is  isomeric  with  terbromhy- 
drine  and  bibromide  of  Dromopropylene.  It  is  distin- 
gmshed  f^m  terbromhydrine,  C«H«Br„  by  its  boiling 

.  point.  It  is  distinguished  from  bibromide  of  bromopro* 
pylene,  GsH«BrBrt,  by  its  boiling  ]>oint,  its  specific 
grayity,  by  solidifying  above  0^,  and  by  its  behaviour  with 
alcoholic  potash,  with  ammonia,  with  oxide  a£  siirer,  and 
with  sodium.  Terbromide  of  aUyl  is  conrerted,  by  alcoholic 
potcuk,  into  an  etherial  liquid  which  boils  at  13&*,  Am^ 
mania  oonyerts  it  into  bibromallylamine,  N  (Ct  H*  Br)t  K, 
and  bromide  of  ammonium.  Bromide  of  bromopropyfene^ 
on  the  other  hand,  is  converted  by  ammonia  into  bromide 
of  ammonium,  and  a  compound  whose  empirical  formula 
is  Cc  H»  Br^.  With  moist  oxide  qf  silver,  terbromide  of 
allyl  yieldiei  bromide  of  sUver  and  glycerine,  whereas 
bromide  of  bromopropylene*  does  not  yield  glycerine 
when  treated  with  silver  salts.  Terbromide  of  allvl  is 
decomposed  by  sodium,  yielding  allyl  and  bromioe  of 
sodium ;  but  it  is  difficult  to  remove  the  whole  of  the 
hromine.  Bromide  of  bromopropylene,  treated  with 
sodium,  yields,  not  allyl,  but  bibromopropylene,  CtH«Brt. 
065.  Terbromhydrine  is  obtained  oy  acting  upon  bi- 
faromfardrine  or  epibromhydrine  (bodies  whose  aoquaint- 
aaoe  tne  student  made  when  stodyiuA  the  deoompositions 
of  glycerine)  with  pentabromide  of  phosphorus. 

966.  Perchloridc  of  vinyl  w  acetyl  (C,  H,  C^).— <«  If 
chlorine  gas  is  passed  to  saturation  through  chloride  of 
ethylene,  covered  with  a  layer  of  water,  and  placed  in  a 
darlc  situation ;  the  jellow  liquid  then  broumt  into  ihjd 

fight,  where  it  loses  its  colour,  becomes  heated,  and  gives 
off  hydrochloric  acid,  which  dissolves  in   the  water; 

*  TWs  cmrimont  oim^t  to  be  repeatad,  Tarying  the  eonditioiM,  as  tlM 
bNOude  of  tne  btomoproiiyleiie  ought  by  analosj  to  yield  g^yeeriae. 
2i> 
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chlorine  gu  oontmuously  paasecL  throngh  it  for  two  days 
in  the  light ;  the  watery  stratum  decanted,  and  the  oil 
distilled,  rejecting  the  first  portion,  which  passes  over 
below  115°  C.,  and  the  last  portion,  which  distils  abore 
116°  C.  The  portion  obtained  in  the  middle  of  the  process 
at  115^0.,  and  amounting  to  three-fourths  of  the  whole, 
is  a  pure  product." 

967.  Mixed  with  alcoholic  potash,  it  immediately  be- 
comes heated,  and  forms  a  precipitate  of  chlorioe  of 
potassium,  and  afterwards  yields  to  distillation  the  liquid 
Oj  H,  Cl|,  without  any  evolution  of  gas.  Exposed  to  iaj' 
light  in  a  bottle  fiUeawith  clUorine,  it  is  converted,  in  the 
course  of  twenty-four  hours,  into  sesquichloride  of  carbon, 
and  hydrochloric  acid, — 

C,H,C1,4-6C1  =  CCI.  +  3HC1. 

968.  Chloroform  (CH  CI,).  — This  substance  is  beat 
prepared  hj  distilling  alcohol,  wood  spirit,  or  acetone, 
with  a  solution  of  chloride  of  lime.  Bromoform,  C  H  Br,, 
and  iodoform,  C  H I3,  are  obtained  in  a  similar  manner. 
Hofmann  has  clearly  proved,  in  his  researches  on  the  com- 
pound ammonias,  that  the  radical,  C  H,  in  these  bodies  is 
triatomic. 

Nboativb  ob  Acid  Chlobidbs. 

Chlorides  of  triatomic  inorganic  acids i  or  negative 
chlorides : — 

Trichloride  of  bismuth    ....  Bi"CI, 

Trichloride  of  antimony-        -        -        -  Sb"Cl, 

Trichloride  of  arsenic     -        -        -        -  As"  CI, 

Trichloride  of  phosphorus  -  -  -  P"C1, 
Trichloride  of  phosphoryl  (oxychloride 

of  phosphorus) (P0)''C1, 

Tricmoride   of   sulphophosphoryl    (sul- 

phochloride  of  phosphorus)          -        -  (PS)"  CI, 

959.  Antimony  and  phosphorus  form  also  pentachlo- 
rides.  These  pentachlorides  are  sometimes  viewed  as  tihe 
trichlorides  of  a  compound  chloride  radical.    Example : — 

Chloride    of   chlorophosphoryl      (penta- 

chloride  of  phosphorus)         -        -         (PCyCl, 
Chloride  qf  triatomic  cyanogen-        -   ([(C  N),]"  CI,) 
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H^  hydrogen  compounds  of  the  tritUomie  radicaU, 
fkrrieyanogen  and  cohalticyanogen : — 

(H,  [Fe,  (C  N) J") ;  (H,  [Co.  (C  N).]*). 

These  radicals,  ferricyanogen  and  cobalticyano^en,  are 
triatomio.  They  may  be  considered  as  repUicing  the 
tkree  eqniyalents  of  chlorine  in  the  treble  molecule  of 
hydrochloric  acid.  The  general  formula  of  their  salts  is 
therefore, — 

(M,[Fe,(CN).]'');  (M. [Co, (C N) J"). 

QUADBUPLB  MOLBCTTLB. 
H«Cl4. 
POSITIYB  ChLOBIDBS. 
ThB   ChLOBIDBS  OB  THB   PoSITITB  MbTALS. 

960.  Tin  and  titaninm  form  chlorides  on  the  type  of 
the  quadruple  atom ;  the  following  are  therefore  the  sym- 
bols of  the  molecules  of  these  chlorides,  Sn"  CI4 ;  Ti"  CI4. 

Nbgatiyb  Gbouf. 

Chloridts  qftetratomie  elements. 

Tetrachloride  of  carbon         -        -        -    C'Cl* 

Tetrachloride  of  silicon  -        -        -    Si"CU 

961.  ''Each  tetrachloride  has  a  corresponding  bichloride, 
and  the  general  behayiour  of  the  tetraciilorides  shows  that 
two  of  the  chlorine  atoms  are  held  less  forcibly  than  are 
the  other  two." 


CHAPTEE  X. 

AHHOHIA    TTPB. 


962.  Ammonia,  chloride  of  ammonium^  and  hydnted 
oxide  of  ammonium,  although  they  are  all  members  of 
the  ammonia  family,  are,  neyertheless,  constructed  on 

di£ferent  types.   Ammonia,  H  >  N,  is  the  prototype  of  a 
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laige  elaM  of  bodies ;  chloride  of  ammoniius,  N  H««  CI, 
is  oonstructed  on  the  type  of  hydrochloric  aoid;  and 

hydrated  oxide  of  tmmoniun,  ^  ^  >  O,  is  consiraoted  on 

the  type  of  water.  Oneiorerenalltlieatomsofhydro^nin 
ammonia,  in  chloride  of  ammonium,  and  the  atoms  m  the 
ammoniam  in  hydrated  oxide  of  ammcmium,  can  be  re« 
placed  by  an  equivalent  nnmber  of  simple  or  compound 
radicals ;  these  deriyatires  belong,  of  course,  to  the  same 
type  as  the  ammonia,  the  chloride  of  ammonium,  or  the 
hydrated  oxide  of  ammonium,  from  which  they  are  derived. 

963.  Phosphoretted  hydrogen,  H  >  P,  arsenetted  hy dro- 

gen,  H  >  AB,and  antimonetted  hydrogen,  H  >  Sb,  are  eon* 

stracted  on  the  ammonia  type;  the  hydrogen  in  these 
bodies  can  be  replaced,  as  the  hydrogen  in  the  prototype, 
by  other  radicals.  These  derived  bodies  belong,  of  course, 
to  the  same  type,  ammonia,  as  the  bodies  from  which  they 
are  derived.  ^Bodies  containing  phosphorus,  antimony, 
and  arsenic,  have  been  product  resembling  chloride  of 
ammonium  and  hydrated^  oxide  of  anunonium  in  their  con- 
stitution; these,  therefore,  necessarily  belong  to  the 
hydrochloric  acid  type  and  the  water  type,  respectively. 

964.  By  means  of  polyatomic  radicals,  two,  three,  four, 
or  even  nve  atoma  ot  ammonia  or  phosphide,  arsenide  or 
antimonide,  of  hydrogen,  can  be  made  to  coalesce,  the 

Eolyatomic  radical  replacing  its  equivalent  number  of 
yorogen  atoms  in  the  ammonia,  &c.  We  can,  in  this 
wa^ ,  even  bind  together  ammonia  with  its  phosphoretted, 
antimonetted,  or  arsenetted  analogue. 

96|6.  There  are,  therefore,  mon-ammonias  and  poly-am- 
monias, and  mon-ammoniums  and  poly -ammoniums.  Tiie 
mon  and  poly-ammonias  are  oonstructed  on  the  type  of 
one,  two,  or  more,  atoms  of  anunonia ;  they  will,  there- 
fore, be  considered  under  this  tvpe.  The  mon  and  polr- 
ommms  come  under  the  type  nydroehlorie  acid,  or  ^ne 
type  water ;  if  the  onivm  body  is  combined  with  any  <d 
the  halogen  elements,  or  with  cyanogen,  it  comes  under 
the  type  hydrochloric  acid;  the  other  onium  oompounda 
come  under  the  type  water. 
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966.  We  shall  now  ipecially  consider  the  bodies  wliioli 
are  oonstrncted*  on  tlie  type  of  a  single  moieoole  of 
ammonia. 

SiMPLS  MOLBCITLB. 


HVN 
Hi 


967.  This  group  embraces — (1)  Monamines.  (2)  The 
phoephines,  arsines,  and  stibines.  (3)  The  metalamides. 
(4)  The  organo-amides. 

968.  The  derivatiTes  of  ammonia  can  be  formed  by  re- 
placing the  hydrogen  of  the  ammonia  either  by  a^^/roit- 
cals,  or  by  acid  radicals,  or  by  metals.  When  it  is  replaced 
by  the  alcohol  radicals,  the  basic  character  of  the  ammonia 
is  more  or  less  preserved ;  bnt  when  it  is  replaced  by  the 
acid  radicals,  it  is  lost ;  bnt  there  is  snch  a  gradual  transi- 
tion from  one  gronp  to  the  other,  as  regards  whether  they 
can«  or  cannot,  combine  with  acids,  that  it  is  frequentlj 
difficult  to  decide  from  this  teat  to  which  class  an  ammonia 
deriyative  belongs.  But  the  bodies  belonging  to  the  basio 
elass  do  not  yield  np,  when  boiled  with  pot(uh,  ammonia 
and  the  radicals  whose  introdnotion  into  ammonia  has 

E educed  them ;  indeed,  hithertOi  yery  few  processes  ave 
own  in  which  these  bodies  yield  up  their  radicals. 
The  bodies  belonging  to  the  neutral  dasa,  on  the  other 
band,  are  readily  deoompoeed  into  ammonia  and  the 
hydrated  oxides  of  their  radicals.  The  simplest  manner, 
therefore,  of  distinguishing  to  which  class  any  ammonia 
deriyatiye  belongs,  consists  in  boiling  the  compound 
under  examination  with  potash; — if  it  bdongs  to  the  basio 
class,  it  will  remain  unaltered ;  if  it  belongs  to  the  neutral 
elass,  ammonia  will  be  eyolyed,  and  a  potassium  salt 
formed. 

969.  The  bodies  belonging  to  i^e  basio  .dasa  are  desig- 
nated by  the  general  terms^-aaiines,  phosphines,  arsines, 
stibines,— according  as  they  contain  nitrogen,  phosphorus, 
arsenic,  or  antimony. 

970.  The  bodies  m  which  the  basic  character  is  ezttnet 
are  distinguished  by  the  termination  ide,  as  amides,  &o, 

971.  The  amine  class  embraces  that  large  number  of 
eompoands  known  as  organic  bases,  many  of  whidi  are 
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elaborated  in  animalg  and  plants  (animal  and  Tefi;etable 
alkaloids),  whilst  the  greater  nnmber  are  producedin  the 
laboratory  (artificial  bases).  The  bodies  composing  the 
amide  class  are  mostly  produced  by  artificial  processes* 
oomparatively  few  terms  of  this  group  having  been  met 
with  in  the  animal  or  yeeetable  organism.  Both  the 
amines  and  amides  are  diriaed  into  mon,  di,  tri,  and  tetra 
compounds,  according  as  they  are  derived  from  one,  two, 
thee,  or  four  molecules  of  ammonia.  We  have,  therefore, — 

Amiwiw,  Amides. 


Monamines 
Diamines 
Triamines 
Tetramines 


Monamides 
Diamides 
Triamides 
Tetramides 


(1.)   MOKAMINBS. 

972.  By  this  term  we  designate  a  very  numerous  class 
of  bodies  derived  from  one  molecule  of  ammonia, — bodies 
in  which  the  basic  character  of  this  substance — its  power 
of  combining  with  acids — is  preserved.  Some  of  these 
bodies  are  found  in  nature;  but  the  majority  have  been 
obtained  by  artificial  processes,  some  of  which  are  of 
very  general  applicability,  and  admit  of  producing  an 
almost  unlimited  number  and  variety  of  this  class  of  sub- 
stances. The  monamines  may  be  again  classed  into  three 
subdivisions,  according  to  the  number  of  hydrogen  equiva- 
lents in  the  ammonia  molecule  which  are  replaced.  We 
distinguish — 1st.  Primary  nummmines,  sometimes  called 
amidogen  bases;  derived  from  one  molecule  of  anmionia 
by  the  substitution  of  a  radical  for  one  equivalent  of 
hydrogen.  2nd.  Secondary  monamines,  sometimes  called 
imidogen  bases ;  formed  by  the  substitution  of  radicals  for 
two  equivalents  of  hydrogen.  3rd.  Tertiaty  fnon€MUne9, 
sometimes  called nitnle  bases;  formed  by  the  substitutioa 
of  radicals  for  the  three  equivalents  of  hydrogen.  These 
three  subdivisions  may  be  represented  by  the  following 
general  formul» : — 


Primarf 
(Amido 


monaminea.       Seoondary  monamuiea.       Tertiary  monaminea. 
baaea.)  (Imidogen  basea.)  (Nitnle  baaea.) 


HVN  bIn  bC 

H)  H)  C) 
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XXAMFLB8. 

(Amline)^  Dfanetbjalamme,       Kethjl^thyl-UDjIamme. 

.    (C.H.))  CH,)  CH,   1 

H  [n  CHjfN  CH.  Cn 

Two  or  even  the  three  atoms  of  hydrogen  can  be  replaced 
by  two  or  three  equivalents  of  one  mon atomic  radical,  or, 
as  shown  by  methyl-ethyl- amy lamine,  each  eqaivalent  of 
hydrogen  may  be  repUced  by  a  different  radical. 

Pbikabt  MoNAXunw. 

973.  Prepar€Uum,--Ui.  We  have  already  seen  (410) 
that  these  bodies  are  formed  by  the  action  of  potash 
on  the  cyanates  or  cyannrates. 

2nd.  They  are  also  formed,— and  this  is  the  way  they 
are  generally  prepared, — ^by  the  action  of  the  bromides  or 
iodiaes  of  the  alcohol  radicals  npon  ammonia,  thus  :-— 

C.H.I  +  NH,=:  (C,H.)H,N,I; 
an  haloid  compound  being  formed.  In  the  example  we 
have  selected,  iodide  of  e&yl-ammonium  is  formed.  The 
ammonium  compound  thns  formed,  when  treated  with 
potash,  is  decomposed  into  the  corresponding  primary 
monamine  and  hydriodie  acid  :— 

(C.H.)H,N,I  +  §^0=     VJn  +  KI+|[}0 

3rd.  We  have  already  noticed  that  one,  two,  or  even 
more  atoms  of  hydrogen  in  the  hydrides  of  the  third  class 
of  alcohol  radicals,  and  in  other  bodies,  can  be  replaced 
by  N  Os.  If  tiie  mono-nitro  comnoimds  of  these  bodies 
are  submitted  to  the  action  of  reauciog  agents,  such  as 
hydrosulphurio  acid  or  nascent  hydrogen,  the  two  atoms 
or  oxygen  are  removed,  and  two  atoms  of  hydrogen  are 
substituted  for  them,  and  the  coznpound  producea  by  the 
substitution  is  an  organic  base.    Example :— > 

GUI 
C,H,N0.+  3(g|s)=    V[N  +  2(gJ0)  +  3S* 

When  two  or  three  atoms  of  hydrogen  in  the  hydride  are 

•  Sm  Appendix  L,  pagtt  M4. 
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replaeed  by  two  or  three  atoms  of  N  0*,  it  is  more  difficult 
to  reduce  the  second  or  third  atom  of  N  O.  bj  H  than  the 
first ;  we  can,  therefore,  haye  one  or  two  atoms  of  N  O^ 
replacing  one  or  two  atoms  of  H  in  the  organic  base  «s 
well  as  in  Uie  hydride ;  bat  the  basic  properties  of  the 
base  become  weakened  by  this  substitation.    Example  :— 


Kitrophenylamine, 


(CHoNO,) 


H  >N. 

H  > 


When  the  second  atom  of  N  0<  is  reduced,  a  diamine  is 
produced,  as  we  shall  learn  hereafter. 

4th.  The  nrimair,  secondary,  and  tertiary  monamines 
are  frequently  produced  in  the  destructive  distillation  of 
nitrogenised  organic  substances ;  they  are  therefore  found 
in  sudi  substances  as  coal  tar,  bone  oil,  &c.  They  are  also 
formed  in  the  putrefaction  and  fermentation  of  nitro- 
geniaed  organic  oodies. 

974.  The  hydrogen  in  the  radicals  can  be  partly  re- 
placed, we  hare  seen,  by  N  0%.  It  can  also  oe  partlj 
replaced  by  chlorine,  bromine,  or  iodine;  but  the  basic 
character  is  impaired  by  the  substitution. 

BXBBCISBS. 

169.  Give  the  formula  for  ethylamine,  for  amylamine, 
for  allylamine,  for  tolylamine;  and  state  the  different 
methods  by  which  they  could  be  prepared. 

170.  Giye  the  formula  for  chlorphenylamine,  for  di- 
nitrophenylamine,  for  dichlorphenylamine,  and  for  tri- 
chlor|)henylamine,  for  bromaniline,  for  bibromaniline, 
for  tribromaniline. 

Sbcokdabt  Mokaminxb. 

975.  PiyparaiioH. — When  the  primary  monamines  are 
treated  wiui  the  bromides  or  iodides  of  the  alcohol 
radicals,  we  obtain  the  iodide  or  bromide  of  a  secondary 
monammonium.    Example  :— 

'h  |n  +  q,H.I=(O.H^H.N,I 

These  bramides  or  iodides  of  secondaiy  monammoniumsf 
when  treated  with  potash,  are  decomposed  into  the  oom- 
sponding  secondary  monamine  and  hjdriodio  or  hydro- 
bromio  acids.    Bxunple : — 
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^6.  Two  natnral  alkalies  belong  to  this  olaaa.  The 
nature  of  the  radicals  which  oeenp j  the  place  of  the  two 
equivalents  of  hydrogen  is  unknown ;  we  do  not  even 
know  whether  the  radicals  are  monatomie  or  diatomie. 
The  alkalies  I 


Piperidine  -       -    C,  Ha  N  =  (C.  H^)  H  N 

Conine       -        -        -    C,H„N  =  (C.Hu)HN 

BXSBOISE. 

171.  GItc  the  formula  for  dimethylamine,  for  diamyl- 
amine,  for  ethyl-phenylamine,  for  ethyl-tolylamine ;  and 
state  the  different  methods  by  whidi  they  oould  be 
prepared. 

Tbbtiabt  Mofakivbs. 

977.  Trepofraium. — Ist.  A  primary  monamine  can  be 
oonrerted  mto  a  secondary,  and  a  secondary  can  be  con- 
verted into  a  tertiary,  by  acting  upon  it  with  chloride  or 
bromide  of  cyanogen. 

■  2nd.  We  have  seen  that  if  we  act  upon  the  c^ranates  of 
the  alcohols  by  potash,  we  obtain  primary  monamines.  If, 
'u  place  of  potassiam,  we  use  potassium  alcohols, — bodies 
in  which  the  hydrogen  in  hydrate  of  potash  is  replaced 
by  an  alcohol  radical, — we  obtain  tertiary  monamines. 

Srd.  If  we  act  upon  a  secondary  monamine  with  a 
bromide  or  iodide  of  an  alcohol  radical,  we  obtain  the 
iodide  or  bromide  of  a  tertiary  monammonium.  This  is 
deoomposed  by  potash  into  the  corresponding  tertiary 
monamiDc  and  hydriodie  acid.    Example: — 

(1.)  C,H.} 

0,H.V  N  +  C.H,I  =  (C,H.),HN,I 
H  j 
(2.)  XT  >  C,  Hb  )  Ti-  J 

(C,H.).HN,I+|}  0  =  aH,jN  +  KI+S }  O 

978.  When  a  broviide  of  an  alcohol  radical  is  rab 
I^oyed  to  act  upon  ammonia,  it  appears  to  act  in  the 
gradual  manner  we  hare  just  indioated«  Tia.,  the  bromide 
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of  the  primary  monammoninm  is  formed.  Thisi  when 
decomposed  by  potash,  yields  the  primary  monamine;  this, 
when  again  acted  upon  oy  the  bromide,  yields  the  bromide 
of  the  secondary  monammoninm ;  this,  when  acted  upon 
hy  potash,  yielas  the  secondarjr  monamine,  &c.  When 
the  bromide  of  the  triammenium  has  been  produced 
(CxH,)3HBr,  continued  digestion  with  the  bromide  of 
the  radical  fails  to  replace,  or  at  least  replaces  rerj 
slowly,  the  last  atom  of  hydrogen,  so  as  to  form  tbte 
bromide  of  the  tetrammonium ;  but  if  we  substitute 
iodide  of  ethyl,  or  iodide  of  methyl,  especially  the  latter, 
for  the  bromide,  the  hydrogen  atom  is  instantly  replaced. 
979.  If,  however,  we  employ  the  iodides  instead  of  the 
bromides,  the  substitution  does  not  go  forward  in  thai 
transitional  manner  we  have  indicated,  on  account  of  the 
iodide  being  more  readily  decomposed.  As,  therefore,  the 
first  substitution  product,  the  iodide  of  the  monammonium, 
is  generated  in  the  presence  of  the  eaaily-decomposed 
substitution  agent,  it  is  immediately  acted  upon  by  it,  the 
second  substitution  product  being  formed,  wnich  becomee 
in  the  same  way  converted  into  the  third,  and  this  into  the 
fourth;  so  that  all  the  four  bases  are  simultaneously 
formed,  but  by  no  means  in  equal  quantities.  When 
iodide  of  methyl  is  used  as  the  substitution  agent,  all  the 
four  iodides  are  formed,  but  the  first  and  last  terms  of  the 
series  are  formed  in  the  largest  quantities .  When  iodide  of 
ethyl  is  employed,  the  substitution  is  more  gradual ;  iodide 
of  monethylammoniom  is  always  formed,  but  the  other 
three,  especially  iodide  of  diethyl  ammonium,  are  always 
formed  in  very  appreciable  proportions.  The  simultaneous 
fbrmation  of  ail  the  four  bases  has  presented  a  difficulty 
which  has  greatly  intorfered  with  the  general  application 
of  this  otherwise  convenient  method ;  but  Hofmann  haa 
lately  proposed  a  simple  and  elegant  method  for  the  sepa- 
ration of  the  three  amines,  which  we  elsewhere  give  (Ap- 
pendix K).  We  must  now  draw  the  student's  attention 
to  the  different  deportment  the  iodide  of  the  tetra  com* 
pounds  displays  with  potash,  to  what  the  ter,  di,  and  man 
display.  We  have  seen  that  the  three  latter  aredecompoaed 
by  that  reagent  with  formation  of  hydriodic  acid,  and  the 
corresponding  amine ;  but  it  is  not  so  with  the  tetra  com- 
pounds. These  iodides  are  unacted  upon  by  potash ;  but 
if  we  digest  the  iodides  with  freshly-predpitated  oxide  of 
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Bilker,  iodide  of  silver  and  the  hydrate  of  the  teirammo- 
niiim  body  are  formed.  The  hydrates  of  the  tetrammo- 
niums  are  decomposed  by  distillatioii  into  the  tertiary 
monamines,  and  other  products,  which  we  shall  not  now 
notice;  the  tertiary  monamines  are  therefore  obtained 
by  the  distillation  of  the  hydrates  of  the  tetrammoninms. 

980.  To  this  group,  tertiary  monamines,  belong  the 
artificial  sulphuretted  bases  obtained  b^  the  action  of 
sulphuretted  hydrogen  upon  the  combination  of  anmionia 
and  the  aldehydes  (489). 

981.  To  this  group  belongs  also  a  number  of  regetal  al« 
kalies,  of  which  nicotine  (C.  fly)  "N,  morphine  (Ci,H„0,)"N, 
and  codeine  (On  Hn  Ot)"  N,  are  prominent  terms.  A  con- 
siderable number  of  bases  produced  in  the  distillation  of 
coal,  of  animal  matters,  and  of  nitrogenized  bodies  in  gene* 
ral,  are  tertiary  monamines. 

Pyridine (C,H.)"N 

Picoline (C«H,)"N 

Lutidine (CtH,)"N 

Leuooline  -        -        -        -        -  (C.H,)"N 

Lepidine (Cu»H,)'"]Sr 

982.  "  All  the  members  belonging  to  the  three  groups, 
yiz.,  primary,  secondary,  and  tertiary  monamines,  are  true 
ammonias.  They  combine  with  the  hydrogen  acids,  with 
the  so-called  hydrated  oxygen  acids,  without  elimination 
of  water,  forming  saline  bodies,  generally  of  well-defined 
character.  Their  hydrochlorates  yield,  with  bichloride 
of  platinum,  with  terchloride  of  gold,  with  diloride  of 
mercury,  and  many  other  chlorides,  a  series  of  Terr 
characteristic  salts,  which  haye  offcen  been  studied  with 
a  yiew  of  fixing  the  nature  of  the  organic  constituent. 
Nearly  all  the  monamines  are  yolatile,  their  boiling  points 
being  lower  or  higher,  according  to  the  number  of  hy- 
drogen equivalents  replaced,  and  according  to  the  nature 
of  the  compound  molecules  by  which  the  substitution  is 
efifected.  I^early  all  these  bodies  are  characterised  by  a 
peculiar  odour,  frequently  resembling  the  odour  of  am- 
monia, but  likewise  considerably  modified  by  the  degree 
and  nature  of  the  substitution.  Most  of  these  bodies, 
when  in  contact  with  water,  exhibit  the  alkaline  reaction 
of  aasmonia,  which  is,  however,  considerably  diauniahed 
in  some,  and  altogether  lost  in  others." 


.  063.  Whether  an  organic  base  u  a  primary,  aeeondaiy, 
or  terfciarj  ni6Damine,  is  established  hj  aseertaining 
whether  a  snbetitation  of  hydrogen  takes  nlaoe  on  treatng 
it  with  the  iodide  of  methyl  or  etbyL  Ii  three  atoms  of 
the  alcohol  radical  unite  with  the  base,  it  is  a  primmrf 
monamine ;  if  two  atoms  of  the  alcohol  radicals  are  fixed 
by  the  base,  then  it  is  a  secondary  monamine;  but  if 
only  one  atom  of  the  alcohol  radical  is  fiiDod*  the  baae  is  a 
ter&uy  moDamine.  A  base  corresponding  to  hydrated 
oxide  of  ammonium  does  not  fix  an  atom  of  the  alcohol 
radical.  We  cannot,  however,  learn  by  this  test  what  is 
the  atomic  saturation  of  the  organic  radicals  contained  in 
the  base.  For  example,  the  empirical  formula  of  the 
base  Conine,  which  exists  in  the  plant  Conmm  maeulatum, 
is  Ga  Hu  N.  19  ow  as  we  can  replace  one  atom  of  hydrogen 
in  this  compound  by  an  alcohol  radical,  we  learn  from  this 
reaction  that  conine  is  a  secondary  monamine ;  therefore 
Cs  Hm  occupies  the  place  of  two  atoms  of  hydrogen ;  bnt 
whether  tius  CsHh  is  a  diatomic  radical,  or  it  is  two 
atoms  of  a  monatomio  radical,  C«Ht,  or  two  atoms  of 
two  different  monatomic  radicals,  we  do  not  know;  no 
method  is  at  present  known  which  enables  us  to  solve  this 
problem. 

BXEBCIBBS. 

172.  How  many  atoms  of  ethyl  or  methyl  would  aniline 
fixP  Express  the  reaction  between  the  iodide  and  the 
base,  by  an  equation. 

173.  Write  out  the  formula  for  cyandiethylamine,  for 
methy-ethyl-phenylamine,  for  diethy l-tolylamine,  for  tri- 
methy lamine,  for  triethy lamine,  for  tnamy Limine ;  and  state 
the  different  methods  by  whic^  they  could  be  prepared* 

174.  Among  the  ammonia  derivatiyes  which  exist  in 
the  brine  of  salt  herrings,  is  one  the  empirical  formula  of 
which  is  C«HaN.  The  chemist  who  first  obtained  thia 
base  from  herring  brine  concluded  that  it  was  a  primary 

C.H,) 
monamine,^that  it  was,  in  fact,  propylamine,      H  >  N. 

H  ) 
It  was  afterwards  ascertained  that  it  was  a  tertiary  mon- 

CH.^ 
amine,  trimethylamine,  C  H,  >  N.    How  can  it  be  ascer- 
CH.) 
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tained  to  whieh  of  the  three  groops  of  monunines  tius  or 
aoy  amine  belongs;  or  whether  it  is  an  amine  or  an 
ammonium  deriTative  P 

175.  What  would  be  prodnoed  if  two  eqniTalentt  of 
aniline  and  one  equivalent  of  bromide  of  ethyl  were  added 
together? 

(2.)  The  PHospHUfBe,  btc. 

984.  The  phosphines,  the  arainefl,  and  the  stibines,  have 
not  yet  been  formed  by  direct  aubstitution  firom  their 
hydrt^en  compounds ;  and  as  yet  only  the  tertiary  com- 
pounds hare  been  formed. 

985.  Preparation,  1st  method. — They  can  be  obtained 
by  acting  upon  the  metallic  compounds  of  phosphoms, 
arsenic,  and  antimony,  with  the  chlorides,  bromides,  or 
iodides  of  the  alcohol  radicals.    Example : — 


CH, 

Ca,P+3CH,Cl  =  3CaCl  +  CHi 

Ctt 


2nd  method. — ^They  can  also  be  prepared  by  acting  upon 
their  chlorides  with  the  metallic  combinations  of  the 
aloohol  radicals.  "  This  method  furnishes  the  substances 
in  greater  abundance,  and  of  remarkable  purity." 

CH.) 
3CH.Zn  +  PCl,  =  3ZnGl  +  CH,VP 

CH.) 

966.  The  arsines  and  stibines,  unlike  the  amines,  do  not 
unite  with  acids.  The  phosphines,  on  the  other  hand, 
reeemble  the  amines  in  tius  respect,  as  they  combine  with 
hydrochloric  acid,  with  sulphuric  acid,  &e.,  forming  oom- 
poundfl  on  the  ammonium  type,  thus  :— 

(CH,),P  +  HC1  =  (CH,),HP,C1 

987.  The  phosphines,  arsines,  and  stibines,  but  not  the 
amines,  comoine  directly  with  oxygen,  chlorine,  sulphur, 
Mo.f  forming  saline  bo<ues,  the  composition  of  which  we 
will  illustrate  by  the  stibine  compounds  (CsH«)»SbO, 
(CH.).SbGl„(d;H^.SbS. 

988.  This  difference  in  chemical  properties  between 
the  derivative  compounds  of  nitrogen  and  the  corre- 
sponding deriratiTO  compounds  of  arsenic  and  antimony, 
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we  find  also  in  their  hydrides ;  and  in  this  class  of  com- 
ponnds  we  find  that  the  phosphorous  hody  holds  an  inter- 
mediate position.  Anmionia  combines  with  acids  ;  anti- 
monetted  and  arsenetted  hjdrogen  do  not :  phosphoretted 
hydrogen  has  been  combmed  with  a  few  acids,  but  its 
basic  powers  are  yerj  feeble ;  but  when  the  derivatiyes'  are 
converted  into  bocues  analogous  to  hydrated  oxide  of 
ammonium,  this  gradation  m  properties  ceases:  in  the 
onium  bodies,  analogy  of  composition  induces  an  almost 
absolute  identity  of  chemical  deportment.* 

BXBBCISB. 

176.  Write  out  the  formula  for  triethyl-phosphine,  for 
trimethyl-stibine,  and  triethyl-arsine. 


APPENDIX  I. 


989.  The  nitro  compounds  may  be  reduced  in  a  Tariety 
of  ways,— by  sulphuretted  hydrogen,  by  the  action  of 
nascent  hydrogen,  by  protosalts  of  iron:  these  are  the 
most  important.  We  shall  give  a  description  of  these 
methods  when  employed  on  the  large  scale  for  the  trans- 
formation of  nitrooenzole  into  aniline. 

1.  By  means  of  sulphide  of  ammonium, — ^An  alcoholic 
solution  of  nitrobenzofe,  after  having  been  saturated  with 
ammoniacal  gas,  is  treated  with  a  current  of  sulphuretted 
hydrogen.  The  liquor  now  becomes  of  a  deep,  dirty« 
green  colour,  and  deposits  a  little  sulphur.  It  is  now  lefl 
for  twenty-four  hours,  during  which  time  oiTstals  of 
sulphur  are  deposited,  the  odour  of  sulphuretted  nydr<^en 

*  When  bisulplude  of  carbon  and  triethyl-phosphine  are  hroo^t  together 
in  the  anhydrooa  oondition,  th^  combine  with  ezplociTe  Tiolenoe,  a  deqp 
erinuon-eolourtd  erytiaUiHe  compound  being  produced.  The  aubatanoe  » 
obtained  in  better  orTBtala  if  etherial  lolntaons,  instead  of  the  anhydnras 
oompound,  be  employed.  The  new  body  separatea  in  beaatiAil  crimaoa 
leafleta  the  moment  the  two  solutions  are  mued  together.  Bisulphida  of 
carbon  and  triethyl-phosphine  beoome,  on  account  of  this  reaction,  moat 
delicate  teats  for  one  another.  Dr.  Hoftnann  has  employed  triethTl-phos> 
phine  for  the  detection  of  bisulphide  of  carbon  in  coal  gas.  For  this 
purpose  he  places  sn  etherial  solution  of  triethyl-phorohine  in  a  bulb 
apparatus,  and  then  passes  a  current  of  coal-gas  through.  Buby  crystab 
•ca  foimed  if  the  solphiw  oomponnd  ia  present. 
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disappearfl,  and  is  replaced  by  a  strongly  ammoniaoal 
Bmell.  If  distilled  now  to  recover  the  alcohol,  a  good 
deal  of  sulphur  is  deposited,  and  it  is  impossible  to 
continue  the  distillation  long,  because  of  the  yiolent 
bumping  which  ensues;  it  is  therefore  allowed  to  cool, 
and  the  sulphur  is  remoyed.  The  process  must  be  con- 
tinued, re-saturating  the  liquor  with  sulphuretted  hy- 
drogen, if  need  be,  until  a  heayy  oily  matter  (aniline) 
deposits,  which  must  be  separated  from  the  liquor,  and 
re-distilled  by  itself.  The  aniline  is  thus  obtained  nearly 
pure. 

Instead  of  using  an  alcoholic  solution  of  nitrobenzole, 
and  treating  it  successively  with  ammonia  and  sulphu* 
retted  hydjrogen,  the  alcoholic  solution  of  sulphide  of  am- 
monium ma^  DC  prepared  beforehand,  and  the  nitrobenzole 
poured  into  it.  A  part  is  dissolved  immediately,  and  the 
remainder  by  degrees  in  the  course  of  the  operation.  It 
is  sometimes  advantageous,  instead  of  waiting  until  the 
aniline  separates,  to  add  hydrochloric  acid  to  the  liquor  in 
the  retort,  until  it  is  slightly  acid,  and  then  to  distil  almost 
to  drj^ness,  by  which  means  chloride  of  aniline  is  obtained. 
This  is  decomposed  by  an  excess  of  caustic  soda,  and  the 
aniline  set  at  uberty  is  distilled  off. 

To  avoid" any  danger  from  the  bumpiuff,  a  tinned  copper 
still  must  be  used,  which  should  be  heated  by  steam, 
under  a  slight  pressure.  At  first  the  temperature  should 
not  exceed  90°  C.,  but  after  some  time  it  may  be  raised  to 
lOOP  or  110*. 

The  ammoniacal  alcohol  condensed  in  the  worm  may  be 
re-saturated  with  sulphuretted  hydrogen,  and  used  over 
again,  with  a  new  quantity  of  the  nitrobenzole. 

2.  Beduction  qf  the  nUroh&nzole  by  luucent  kydroaen.'^ 
In  preparing  aniline  by  this  process,  the  nitrobenzole  and 
sine  are  placed  in  a  vessel,  and  dilute  sulphuric  or  hydro- 
ohioric  acid  is  added,  so  as  to  produce  the  disengagement 
of  a  small  quantity  of  hydrogen.  By  degrees  uie  nitro- 
benzole disappears,  and  aniline  is  formed,  which  remains 
in  solution  in  the  hydrochloric  or  sulphuric  add.  To 
isolate  it  an  excess  of  caustic  soda  is  added,  and  the 
mixture  is  distilled,  on  which  the  aniline  passes  over  with 
the  vapour  of  water. 

8.  Kedueiion  of  nitrobenzole  by  means  qf  arsenUe  of 
foiaah  or  <ocIa.-»Wholer,  who  invented  this  pzooess, 
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digeits  nibrobenjsole  with  a  solntion  of  aneniooi  toid 
in  a  itrong  lye  of  cauatio  soda ;  places  the  arsenical  eola- 
tion in  a  tubulated  retort,  heats  it  to  the  boiliDf(  point,  and 
then  allows  the  nitrobenaole  to  fall  in,  drop  by  drop. 
Under  these  circumstances,  nitrobensole  is  transformed 
into  aniline,  which  distils  oyer ;  and  it  is  only  neoessaij 
to  saturate  with  an  alcoholic  solution  of  ozauie  acid  to 
obtain  perfectly  pure  oxalate  of  aniline. 

4.  Beduction  By  protosalU  <2f  trofi. — Sulphate,  oxalate, 
and  protoohloride  of  iron  have  no  sensible  action  upon 
these  nitro  compounds ;  but  an  iron  salt,  with  a  weak 
acid,  the  protoacetate,  for  exsmole,  is  quickly  acted  upon. 
No  ffas  is  evolved.  Seequioxiae  of  iron  is  precipitated, 
partfy  in  the  state  of  basic  acetate,  and  the  organic  base  is 
formed.  B^champ  was  the  discoverer  of  this  method  of 
forming  the  artificial  or^ranic  bases  from  the  nitrocom- 
pounds. To  prepare  amlme  by  this  method,  nitrobenaole 
IS  poured  into  a  solution  of  protoacetato  of  iron;  ^e 
latter  is  almost  immediately  reduced,  an  evident  sign  of 
the  oxidation  of  the  protoxide  of  ixx>n.  If  the  vessel 
containing  the  mixture  be  placed  in  a  bath  heated  to 
212^  F.,  a  yellow  ochreous  deposit  is  soon  formed,  and  no 
gas  is  evolved.  If  the  solution  of  acetate  of  iron  contains 
twelve  equivalents  of  that  metal  to  every  equivalent  of 
nitrobenzole,  the  aromatic  odour  of  the  nitrated  com- 
pound disappears,  and  gives  place  to  the  peculiar  odour 
of  acetate  of^aniline.  llie  following  is  the  reaction  which 
takes  place:  — 

O.H.NO.  +  6(|«jO)  +  g|0=C.H,N  +  S(|^}o.) 

As  this  process  is  not  so  advantageous  as  the  following, 
we  shidl  not  d^cribe  it  further. 

B^ohamp  ascertained  that  bv  distilling  a  mixture  of 
nitrobensole,  iron  filings,  and  acetic  acid,  aniline  is 
formed,  in  accordance  with  the  following  equation :— - 

C.H.NO.  +  HJO  +  4Fe  =  |^Jo.-haH,N 

He  places  in  a  large  retort  1  part  of  nitrobenaole,  1*2 
parts  of  bright  iron  filings,  ana  1  part  of  oonoentrated 
commercial  acetic  acid,  free  from  mineral  acid.  The 
quantity  of  acetio  acid  should  be  suiBaiint  to  oorsr  tlie 
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iron  filings  completely.  The  reaction  soon  commences, 
without  the  aid  of  heat ;  it  becomes  ezceedinely  brisk, 
tiie  temperature  rises,  the  liquid  begins  to  Doil,  and 
all  will  be  lost  if  the  receiyer  be  not  well  cooled.  The 
results  of  the  reaction  are,  aniline,  acetate  of  aniline, 
and  a  little  nitrobenzole,  which  escapes  the  reaction. 
When  the  retort  is  cooled,  the  contents  of  the  receiver  are 
poured  into  it.  Heat  is  then  applied  to  the  apparatus,  and 
the  whole  is  distilled  to  dryness.  An  excess  of  a  solntion 
of  caustic  potash  is  added  to  the  distillate,  when  the 
hydrated  aniline  separates  and  rises  to  the  surface,  and 
may  be  removed  and  dehydrated  in  the  usaal  manner. 

The  residue  of  the  mixture  of  iron  filings,  acetic  acid, 
and  nitrobenzole,  which  remains  in  the  retort  after  the 
distillation,  stUl  contains  a  considerable  amount  of  aniline. 
To  obtain  this,  the  retort  must  be  washed  out  with  water 
acidulated  with  sulphuric  or  hydrochloric  acid,  the  solu- 
tion filtered,  and  then  evaporated  to  dryness.  The  dry 
residue  is  then  mixed  with  quicklime,  and  placed  in  a  retort 
of  iron  or  refractory  ware,  and  distilled ;  the  aniline  thus 
obtained  must  be  rectified.* 
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990.  Separation  of  the  three  ethyl-ammoniae, — Although 
the  differences  between  the  boiung  points  of  the  three 
ammonias  is  considerable,— 

BoiliBfr  point. 

Ethylamine         -  -  -  -      IS*'   G 

Diethylamine      ....      67*6^ 
Triethylamine     -  -  -  -      91® 

they  cannot  be  separated  by  fractional  distillation.  Hof- 
mann  found  that  even  after  ten  fractional  distillations  the 
bases  were  far  from  being  pure. 

Hofmann  has  lately  mscovered  a  simple  and  elegant 
process  by  which  the  three  ethyl  bases  may  be  easil;^  and 
perfectly  separated.    This  process  consists  in  submitting 

«  Kopp  '*0n  the  Prep«ration  of  Artifloud  Coloorinff  Matters."—  Chemi- 
eal  Jf9w§t  ToL  ii.  And  Bftdhamp  "  On  the  Aotion  of  Arotosalts  of  Iron  on 
Xritronapfathalina  and  Nitrobensole."— C3k«3iM0<rf  QuMttU,  toL  ziiL,  1866. 

2a 


418  ippsvDix. 

the  amk^rout  mixture  of  the  three  bases  to  the  action  of 
aahydrons  oxalate  of  ethyl.  By  tbia  treatment,  c^ji- 
amine  ia  conyerfced  into  diethyl«a«Mit(i^  a  beantifouj^ 
erratalline  body,  yery  diffiooltfy^  soluble  in  water;  di- 
etaylamine  into  dietk^l-oxamtUe  qf  etkfl,  a  liquid  boding 
at  a  yery  high  temperature ;  whint  tnethylamine  is  sot 
affected  oy  oxalio  ether. 

By  the  action  of  oxalio  eUker  upon  ethylamine,  two 
substances  may  be  formed*  yia.,  eCkytaagamaU  ^M^  and 
diHk^loxamide. 

OzsHo  ether.  BH^yloxiauito  of  ethyL 

In  practice  it  appears  that  the  second  of  these  com- 
pounds only  is  produoed.  In  tlie  action  of  oxalate  of 
ethyl  upon  diethylamine,  two  similar  phases  may  be  dis- 
tinguished, capaole  of  producing,  respeotiTely, — 

(1)  Diethyloxamateofethyl,[(^«^»)'(^'^^^^  o],  and 

{C.O.r) 
(8)  Tetreihyloxamide  -       -        -      (0,JB[|),>^N, 

(C.H.)J 

In  practice  the  JirH  of  these  two  compounds  only  is 
generated. 

The  action  of  oxalate  of  ethyl  upon  triethylamine  might 
haye  inyolyed  the  formation  ot  the  secondary  oxalate 
of  tetrethylammonium. 

S2i}o.+'[|||»]=tjg:2j:^jo.. 

under  the  circumstances  under  which  I  haye  worked,  the 
two  substances  do  not  combine. 

The  product  of  tiie  reaction  of  oxalate  of  ethyl  upon 
the  mixture  of  the  ethyl  bases,  when  distilled  in  the 
water-bath,  yields  triethylamine  free  from  MyUmmMe  and 
wsthylamine. 
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The  rendue  in  the  retort  •didifies,  on  cooling,  into 
a  fibrona  mass  of  crystals  of  diethylozamide,  which  are 
BOfiJied  with  an  oily  liqnid.  They  are  drained  from  the 
oil  and  reerystallixed  from  boiling  water.  Distilled  with 
potasea,  these  crystals  iximish  ethylamine  free  from  dtetkj/i- 
tumine  and  iriethfUmine,     ^ 

The  oily  liquid  is  oooled  to  0^0.,  when  a  few  more  <if 
the  erystaJs  are  deposited ;  it  is  then  submitled  to  distil- 
lation. The  boilii^  point  rapidly  rises  to  26(f.  Whstt 
distils  at  that  temperature  is  pure  diethylozamate  of 
eth^l,  fr^m  which,  by  distillation  with  potassa,  dietM* 
atrnme^  freo  flrom  etk^lamine  and  irietkylamine,  may  oe 
obtained.* 

Since  the  time  that  Dr.  Hofinann  communicated  the 
abore  report  to  the  Boyal  Society,  on  the  separation  of 
the  three  bases,  he  has  added  the  following  as  a  note  to 
another  paper:  —  "The  separation  of  the  ethyUbases 
has  been  since  repeatedly  canied  out.  The  process,  as 
^escribed  in  the '  Proceedings,'  admits  of  a  slight  im- 
prorement.  Iproposed  to  separate  the  mixture  of  diethjl- 
ozamide  and  diethylozamate  of  ethjl  by  filtration,  «nd 
to  purify  the  former  by  re<»rystallisation  from  boiling 
water,  the  latter  by  expoeore  to  a  temperature  of  (r. 
The  separation  is  simpler  and  moreperfect  by  submitting 
the  mixture  at  onee  to  the  action  of  boiling  water,  when 
diethyloxamide  dissolyes,  the  diethyloxamate  of  ethyl 
remaining  as  an  insoluble  layer  floating  upon  the  hot 
solution,  from  which  it  may  be  separated  by  a  tap-funnel."t 
This  method  can  also  be  adoptea  for  the  separation  of  the 
medijl-ammonias.  (See  "  Compt-Bendus/  tom.  Iv.,  1802, 
page  740). 

Amipxs. 

991.  **  By  this  term  chemists  haye  designated  a  yery 
kurge  class  of  substances  deriyed  from  ammonia  by  sub- 
stituting, for  the  hydrogen,  acid  radicals  whose  presence 
destroys  the  fundamental  character  of  ammonia,  yia., 
its  power  of  combining  with  acids.    The  amides  haye 

•  Dr.HoftnAim  "On  the  B^wratiimof  the  Bthjl-BMes."— iV«»w*«ivt 

^t^SSSi^faSS^I^feSSr^  TriethTl««dne^«dTriethTlph^phm«;- 
by  Dr.  Uoiauam.—Froc0miingi  nftk4  Baj/ol  SoeiHg,  ToL  a..  No.  48. 
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been  often  defined  as  nentral  derivatiyes  of  ammonia, 
■imUar  in  conBtdtution  to  the  amines ;  but  the  division  of 
the  ammonia-derivatives  into  amines  and  amides,  is  essen- 
tially artificial ;  there  is,  in  fact,  a  gradual  transition  from 
one  group  to  the  other,  and  frequently  we  meet  with 
substances,  the  position  of  which  in  the  system  is  un- 
certain. The  saline  compounds  of  many  amines  are  00 
extremely  weak  that  they  are  decomposed  by  mere  con- 
tact with  water.  On  the  other  hand,  recent  researches 
have  proved  that  in  several  substances  long  considered  as 
well-estabUshed  amides,  the  basic  character  of  the  mother- 
compound  is  far  from  being  extinct,  and  that,  under 
special  circumstances,  combinations  with  acids  may  be 
formed,  in  many  respects  analogous  to  the  ammonium- 
salts,  but  of  comparativel^r  little  stability.  A  much  more 
characteristic  mark  of  distinction  between  the  amines  and 
amides  is  furnished  in  the  deportment  of  the  two  classes 
under  the  influence  of  decomposing  agents.  As  yet  very 
few  processes  are  known  in  which  the  amines  yield  up,  in 
any  form,  the  radicals  whose  introduction  into  ammonia 
has  produced  them.  The  amides,  on  the  other  hand,  are 
readily  decomposed  into  ammonia  and  the  hydrated  oxides 
of  their  radicals.  The  simplest  manner  of  distinguishing 
an  amine  from  an  amide,  consists  in  boiling  tne  com- 
pound under  examination  with  potash,  when  the  amine 
remains  unaltered,  the  amide  eyolving  ammonia  witii 
formation  of  a  potassium  salt. 

992.  *'  With  yery  few  exceptions,  the  amides  are  artificial 
compounds.  Some  of  the  processes  which  ^ve  rise  to 
their  formation  are  of  yery  general  applicabihty,  so  as  to 
admit  of  the  production  of  an  almost  unlimited  number 
and  variety  ofthese  substances." 

MONAICIDBS. 

993.  The  amides  derived  from  one  molecule  of  ammonia 
are  designated  by  this  term;  they  are  subdivided,  like 
the  monamines,  into  three  classes,  according  to  the  number 
of  the  hydrogen  equivalents  of  ammonia  which  are  re- 
placed, thus : — 

Frimarj  monamidea.     Seeondarf  moDamides.        Tortiary  m/ii^w*;^!^ 

h{n  bI-n  bIn 
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(3.)  Mbtalamidbs. 

994  Oomparatiyely  few  metalamides  are  at  present 
known ;  and,  as  yet,  only  primary  and  tertiary  ones  are 
known. 

Fotassaniide.  Sodamide.  Zincainide. 

£  )  Na  )  Zn  ) 

H    N  H    (N  H  [N 

H)  H    i  H   J 

Potassamide  and  sodamide  are  formed  by  passing  a 
current  of  dry  ammonia  over  potassium  ana  sodium, 
hydrogen  being  liberated,  thus : — 

H,N  +  E:  =  B:H,N-f  H 
Zincamide  is  formed  by  acting  upon  zinc-ethyl  with 
ammonia,  hydride  of  ethyl  being  tne  ethyl  compoond 
which  is  produced,  thus : — 

H,N-fZnC,H,  =  ZnH,N  +  C,H.B: 

Tripotaiaainide.    Tririnoainide.    Trimeroanunide.    Tricnproeamide. 

K)  Zn)  Hg)  (CuO') 

K\N  Zn[N        HgfN        (Cu.)' [  N 

K)  Zn)  Hg)  (Cu,)') 

Tripotassamide  and  trizincamide  are  formed  by  the 
action  of  heat  upon  the  primary  amides  of  these  metals, 
ammonia  being  generated,  thus : — 

3B:H,N  =  K,N  +  2H,N 
Trimercuramide  and  tricuprosamide  are  obtained  by 
Bubmitting  the  metallic  oxides  to  the  action  of  ammonia, 
thus: — 

2H,N-f  3Hg,0  =  2Hg,N  +  3H,0. 

(4.)  Oboano-Ahiixbs. 

996.  JFarfnation  of  the  primafy  monamides, — There  are 
many  ways  of  preparing  this  class  of  bodies.  They  can 
be  produced,~l8t.  By  the  dry  distillation  of  equal  equiva- 
lents of  chloride  of  anmionium  and  the  dry  soda  salt  of  a 
monobasic  organic  acid,  thus : — 

Aoetat6  of  sods.  Aoetemide. 
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2nd.  These  primarr  amideB  differ  from  the  oofrrespond- 
ing  ammoaiaoal  salts  oy  the  elements  of  one  atom  of  water. 
In  some  cases  they  can  actually  be  prepared  by  aimply 
distilling  the  corresponding  ammonium  salt,  tkus :-» 

8rd.  By  the  action  of  ammonia  upon  the  etherial  salts 
of  monobasic  organic  acids.  At  the  common  tempera- 
ture, protracted  contact  is  required ;  but  under  pressure, 
at  temperatures  between  110  and  120^0.,  the  reaction 
is  rapidly  accomplished. 

▲MtioetlMr. 

4tb.  By  acting  upon  the  organic  anhydrides  with 
ammonia,  thus : — 

Aeetio  ftnhjdiida.  Ae«tio  Mid. 

5th.  By  acting  upon  the  ehlorides  of  the  acid  radicals 
with  gaseous  ammonia,  or  with  dry  carbonate  of  am- 
monium. "  This  is  the  most  general,  rapid,  and  elegant 
process  for  the  preparation  of  the  monamides.*' 

C.H.O; 
C,H,0,Cl  +  H,N=Ha+      H     5N 


H 
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177.  Write  out  the  formuln  of  the  following  bodisa : — 
Chloraoetamide,  bntyramide,  benaamide,  trichloraeetamide, 
nitrobenzamide,  ramamide,  sulpho-phen^amide,  propkuH 
amide,  yaleramide,  cuminamide. 

996.  Fropertieg  of  ike  primary  manamidei. — ^They  are 
solid  erystaUine  bodies,  fusible  and  yolatile  at  high 
temneratore,  without  decomposition.  By  ebullition  with 
alkalies  they  assimilate  one  atom  of  water,  and  produce 


a  00R6ip<ttdiii^  monobasio  organic  aeid,  wiUi  dueDgage- 
ment  of  anunoniay  thus :— 

2ad.  Acted  upon  by  nitrous  acid,  the  oorreq^ding 
organic  aeid  is  formed,  and  nitrogen  disengaged, — 

ftrd.  Acted  upon  by  phosphoric  anhydride,  ther  abandon 
tike  elements  of  water,  and  become  eonrertea  into  the 
cyanides  of  the  alcohol  radicals  (nitriles),  thus : — 

C7»iiideofm«t]ijl 

2      H      jNl  +  P.0.  =  H.P.0r  +  2(Cy.CH.) 

SlOOHDABV  MOVAXIDBS. 

907.  17umerous  members  of  this  class  hare  already  been 
produced.  It  may,  from  the  way  the  two  equivalent  of 
nydrogen  in  the  ammonia  are  replaced,  be  diyided  into 
four  ffroups. 

1.  Substitution  of  two  monatomic  acid  radicals,  either 
of  the  same  or  of  different  kind. 

2.  Substitution  of  one  monatomic  acid  radical,  and  one 
monatomic  alcohol  radical.  This  class  of  bodies  is  named 
by  G^erhardt  alcalavUde$. 

3.  Substitution  of  one  monatomic  acid  radical  and  one 
monatomic  metaL 

4.  Substitution  of  one  diatomic  acid  radical.  Thoae 
bodies  were  formerly  termed  «i)iMlM,-*a  term  which  is 
still  occasionally  used. 

998.  Freparaium  of  the  Jirgt  group  qf  tecondar^  mon- 
amidet. — They  can  be  obtained, — 1st.  By  acting  upon  the 
primary  monamides  with  hydrochloric  acid ;  the  primary 
iN>dy  splitting  up,  under  the  influence  of  the  acid,  mto  the 
secondary  monamide  and  ammonia,  thus : — 
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(- 


/C,H,0)    \  C,H,0 

2       H       N  +HC1  =  H4NC1  +  C,H,0 

\     B.     )    J  H 

2nd.  By  treating  the  primary  monamide  with  the 
chloride  of  a  monatomio  aoid  radical,  thus : — 

C,H,0)  C,H,0^ 

H     VN  +  C,H.O,Cl  =  Ha-f  CH.OfN 

999.  Preparation  of  the  second  group  of  eecondary 
monamidee. — ^The  Bubstances  belonging  to  this  group  are 
formed  by  submittinff  the  primary  monamines  to  the 
several  proooBsea  which,  when  applied  to  ammonia,  furnish 
the  primary  monamides.  The  following  are  examples  of 
this  class : — 

1000.  Preparation  of  the  third  group  qf  secondary  man-' 
amides, — These  bodies  are  produced  oy  the  direct  action 
of  the  amides  u]^n  the  bases  (oxides  of  mercury,  silyer, 
&-C.),  or  upon  their  corresponding  salts.  They  are  decom- 
posed hj  most  of  the  acids  which  combine  wiui  the  metaL 
When  silver  is  the  metal,  the  amide  is  violently  attacked 
by  the  chlorides  of  the  acid  radicals,  chloride  of  silyer 
being  formed,  and  a  secondary  monamide  of  the  firat 
group  being  produced.  The  following  are  examples  of 
mis  class : — 

Aoel7l.riii<»mide  ^•IL'^l  v  I  ^^I^SSS^*  ^'h^^Io 
(•eeuSidf  or«no)  .       ^     T  ^^^S^*!**^'."^.  ^    ^ 

1001.  Fourth  group  ef  secondary  monamides, — The  fol- 
lowing table  indndes  nearly  all  the  compounds  of  this 
kind  which  are  at  present  known : — 

CO*) 
Carbonylamide  (cyanic  acid)    -  H  i  ^ 

Snlpho-carbonylamide  (sulpho-  ^  ^'  ^  N 

cyanic  acid  -        -        -        -  H  ( 


Succinimide     -        -        -        -      ^*g*^«Jlf 
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Cifcraconimide.  -        -        -  ^'J'^'^N 

Pyrotartrimide  -        -        -  ^»^*^''[  ^ 

Phtalimide      .  .        -        -  ^-g^^'^jN 

Camphorimide  ^»^"^»'|  N 

10Q2.  "Some  chemists  are  inclined  to  double  the  formnls^ 
of  this  sabdiyision  of  tha  secondary  monamides,  and  to- 
▼iew  the  imides  as  secondary  diamides.    f'or  instance, — 

Succinimide     ....  ^^*h^^*^'''|  N, 

There  are,  howeyer;  at  present  -no  experimental  data  on 
which  this  yiew  can  be  safely  founded. 

1003.  Freparation  of  the  imid€&* — ''  The  imidesTcpresent 
the  acid  ammonium  salts  of  the  dibasic  acids,  minus  twa> 
equiyalents  of  water,  as  t^e  primarj^  amides,  differ  from 
ammoniacal  salts  of  the  moDobasic-acid  by  one  equiyalent 
of  water. 


"This  equatitm  represents,  in  fact,  the  most  general' 
process  of  the  formation  of  the  imides*    All  the  com- 
pounds mentioned  in  the  aboyelist,  with  the  exception  of 
carbonylamide,  may  be  obtained  by  the  distillation  of  the 
acid  ammonium  salts. 

2nd.  '*  They  are  also- obtained  by  the  action  of  ammonia^ 
on  the  anhydrides  of  the  dibasie  acids)  thus :— * 


8«oomio  anhydride.  ^SSSSi^  Suooimnida. 

(g:i:8:>o.}+8H.^.(c.H.y'^ 

9rd.  "  The  action  of  heat  upon  the  primary  monamidio  * 
acids,  and  on  the  primary  diamides,  likewise  giyes  rise  to 
secondary  monamides.    In  illustration  of  this,  the  forma- 
tion of  succinimide  in  these  reactions  may  be  quoted : — 
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SnooiaMiiio  Mud.  Snodniauds. 

|-(C,H.O.)'H.N-j  I  o  =  H.O  +  (<''|«0')'}n 

Soooii^l-diainide 
(•ncoiiiAmide). 

44ih.  ''Cyanic  acid  (carbonylamide)  has  been  latelj 
obtained  by  a  perfectly  similar  process,  viz.,  the  decom- 
position of  a  diamine  under  tbe  inflaence  of  affenta 
capable  of  fixine  ammonia.  Urea,  distilled  With  anhydrona 
phosphoric  aci£  yields  cyanic  acid. 

Urea.  QfMio  aoid. 

Hi  ) 

Sth.  **  Originally  cyanic  acid  was  produced  by  the  action 
of  heat  on  the  triamide  oyanuric  acid. 

Cyairario  add.  Oranio  aeid. 

1004.  "The  secondary  monamidea,  lilpe  the  primary  ones, 
are  solid  crystalline  bodies,  fusible  and  yolatile  at  high 
temperatures,  without  decomposition.  Man^  of  these 
bodies  possess  the  character  of  weak  acids,  bemg,  in  fact, 
capable  of  exchanging  the  unreplaced  equiyalent  of  hy- 
drogen for  metals.  Mixed  with  an  ammoniacal  solution 
of  nitrate  of  silver,  many  of  them  yield  well-defined 
filler  salts. 

1006.  "  Under  the  influence  of  acids  and  alkalies,  the 
secondary  monamides  are  conyerted  into  ammonia,  and 
the  acids  from  which  they  have  been  actually  deriyed*  or 
may  be  imagined  deriyabie." 

XZSBCI8B8. 

178.  Write  out  the  formulso  of  the  following  bodies : — 
Diacetamide,  benaoil-salicylunide,  disolphophenyl-amide, 
sulphophenyl-bensamide,  methyl-aeetamide,  ethyl-aceta- 
miae,  phenyl-aoetamide,  phenyi-batyramide. 

179.  Describe  as  many  different  processes  as  possible 
for  the  preparation  of  the  seecmd  group  of  secondary 
monamides. 
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1006.  This  olaas  may,  from  the  way  the  three  eqvi- 
Talents  of  hydrogen  in  the  ammonia  are  repUoed,  be 
divided  into  seven  ffronps  : — 

1.  Snbstitation  of  three  monatomio  acid  radicals  for  the 
three  eqniyalents  of  H.  No  compound  has  hitherto  been 
nrodncea  in  which  the  three  equiralents  of  H  are  replaced 
Dy  three  e<}aiTalents  of  Uie  same  monatomic  acid  radical. 

2.  Snbstitation  of  two  monatomio  acid  radicals  and  one 
monatomic  alcohol  radical. 

3.  Substitution  of  two  monatomic  acid  radicals  and  one 
monatomic  metal. 

4.  Substitution  of  one  monatomio  and  one  diatomic 
acid  radical. 

5.  Substitution  of  one  diatomic  acid  radical  and  one 
monatomic  alcohol  radical. 

6.  Substitution  of  one  diatomic  add  radical  and  one 
monatomic  metal. 

7.  Substitution  of  one  triatomie  radical.  In  this  group 
the  class  of  bodies  caUed  nitrUes  may  be  supposed  to  be 
placed. 

1007.  Firti  group  cf  tertiary  monamides, — Majr  be 
prepared  in  a  yariety  of  ways;  the  most  general  is  by 
treating  the  first  group  of  the  secondary  ones  with  the 
chloride  of  an  acid  radical.  The  alkalies  decompose  these 
oompounds  with  eyolution  of  ammonia,  and  reproduction 
of  the  acids  of  the  radicals. 

1008.  Second  group  of  tertiary  monamides. — ^The  most 
general  way  for  preparing  these  Dodies  is  bj  treating  the 
second  group  of  the  secondary  monamides  with  the 
chlorides  of  the  acid  radicals.  The  alkalies  decompose 
them  into  monamines,  and  the  acids  whose  radicals  are 
present. 

1009.  Third  group  ^tertiary  monamddee.—Theae  bodies 
may  be  prepared  in  the  same  way  as  the  members  of  the 
third  group  of  secondary  monamides,  substituting,  of 
course,  a  secondary  monamide  for  the  primary  one. 

1010.  Fourth  group  of  tertiary  monamides. — ^By  acting 
upon  the  imides  with  the  chloride  of  an  acid  radical. 

1011.  F^h  aroup  of  tertiary  monamides. — From  the 
processes  whicn  haye  been  already  giyen  for  the  prepa- 
ration of  monaminet  and  monamides,  a  yariety  of  ways  for 
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the  preparation  of  these  bodies  will  at  once  suggest  them- 
selves to  the  student.  We  will  therefore  oidy  giye  the 
following  very  general  one,  reserving  the  others  as  an 
exercise  for  the  students,  by  acting  upon  primary  mon- 
unines  with  the  chlorides  of  the  diatomic  acids. 

1012.  Seventh  group  of  tertiary  monamides.  —  The 
following  mineral  combinations  belong  to  this  class  by 
their  mode  of  formation  or  Uieir  reactions : — 

Phosphamide PO"}N 

Boramide B*[N 

Free  nitrogen,  or  nitrogen  of  nitro- )  N"iN 

gen,  or  tne .  amide  of  mtroos  >  acid  s  \ 

'  Protoxide  of  nitrogen,  or  the  amide  )  -ra-  o'lK 

of  nitric  acid       -        -       ,-       -$  ^^"^  >^^ 

1018.  When  the  ammonium  salts  of  the  monobasic 
organic  acids  are  distilled  with  phosphoric  anhydride,  the 
■alts  are  decomposed  into  two  equivalents  of  water,  which 
combine  with  the  phosphoric  compound,  and  into  the  class 
of  bodies  termed  nitriles.  Acetate  of  ammonia,  for 
exampler  when-  it  loses  two  equivalents  of  water,  becomes 
transibnned  into  acetonitrile. 

(nS)^^  j  O  -  2  H,  O  =  ft  H.,  N. 

1014.  These  nitriles,  from  their  behaviour  under  the 
influence  of  reagents,  resemble,  in  many  respects,  the 
origin  and  behaviour  of  the  monamides  m  general,  but 
they  have,  in  addition,  many  peculiarities  of  their  own. 
They  may  be  formulated  a3Xertiary  monamides,  in  which 
the  threie  atoms  of  hydrogen  are  replaced  by  a  triatomic 
radical.  The  following  i  s  a  list -of  these  bodies,  formulated 
as  tertiary  monamides : — 

Ebrmonitrile  fbrmylamide  (prussic )     /mrxfiya- 
acid)         .        .        -        -        .^     (CH)   }N^ 


Acetonitrile,  vinylamide 
PropionitrUe,  allylamide 
Benzonitrile 
Comonitrile 


(C.H,r)N 
(C.H.r}N 
(CH.)"fN 
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1015.  These  trifttomic  radicals  have  not  been  isolated, 
but  we  hare  a  series  of  cklorides  and  bromides  of  these 
triatomio  radicals.    Examples  :— 

Bromofonn (dD^Bra 

Tribromide  of  vinyl      -        -        -    (C,H',)"Br, 
TribromideofaUyl       -        -        -    (C,H,)"Br, 

And  we  have  also  oxygen  compounds  of  triatomic  radi- 
cals, i 


Glycerin ^^'h!^"}  0» 

These  bromides  can  be  conrerted  into  the  nitriles  by  the 
action  of  ammonia. 

1016.  The  formation  of  hydrocyanic  acid  by  the  action 
of  acids  on  the  metallic  cyanides,  and  the  facility  with 
which  the  hydrogen  in  this  acid  is  replaced  by  metals, 
altogether  precludes,  as  Dr.  Hofmann  well  obserres,  the 
idea  of  associating  it  with  the  carbon,  in  accordance  with 
our  present  conception  of  the  manner  in  which  these  two 
elements  are  united  in  organic  molecules. 

1017.  The  other  nitriles,  as  weU  as  formonitrile  (prussic 
acid),  may  be  obtained  from  cyanogen  compounds  by 
distilling  a  mixture  of  a  sulphoyinate  of  potassa  with 
cyanide  of  potassium.    Example : — 

KCN  +  gJ.)^j}0.=  (|5)'[0.  +  C.H.N 

These  substances  must  therefore  haye  at  least  two  for- 
mulsB.  Obtained  by  the  action  of  phosphoric  anhydride 
from  the  ammonium  salts  of  the  monobasic  organic  acids, 
they  may  be  regarded,  in  this  and  other  respects,  as 
tertiary  monamides.  Produced  by  the  action  of  the  sul- 
phoyioates,  they  may  be  regarded  as  the  cyanides  of  the 
alcohol  radicals;  thus,  cyanide  of  methyl,  acetonitrile, 
and  yinylamide,  are  names  pyen  to  the  siame  substance. 
According  to  one  mode  of  its  formation,  it  may  be  for- 
mulated thus,  C  N,  C  Hg  (cyanide  of  methyl).  According 
to  another  mode  of  its  formation,  it  may  be  formulated 
thus,  (C,  H,)"  |N  (yinylamide).  These  nitriles  only  yield 
np  cyanogen  under  the  influence  of  the  most  powerful 
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agents  of  decompontion,  lach  as  potassium  at  high  tem- 
peratnres.  Submitted  to  the  action  of  alkalies  and  aoids, 
ihej  reproduce  ammonia  and  salts  of  the  acids  from 
which  tner  are  derived. 

1018.  The  student  must  now  write  out  answers  to  the 
following  questions : — 

XZBBCI8S8. 

180.  Write  out  the  formul»  of  the  following  bodies : — 
First  group  of  tertiary  monamides :  —  Sulphophenyl- 
dibenzamide,  acetyl-sulphophenyl-bemsamide,  sulphophe. 
nyl-benzoyl-cuminamide.  oeoond  group : — Ethyl-diacet- 
amide,  phenyl-dibensamide.  Thira  group :  —  Diethyl- 
sincamiae,  sulphophenyl-benzoyl-argentamide,  benzoyl- 
salicyl-argentamide.  Fifth  group:  —  Cyanate  of  ethyl 
(ethyl-carbonylamide),  cyanate  of  phenyl,  sulphocyanide 
of  phenyl,  phenyl-succinimide,  phenyl-camphorimide. 
Sixth  group : — Carbonyl-potassamide  (cyanate  of  potas- 
sium), sulphocarboDyl-plumbamide  (sulnhocyanide  oflead), 
succinyl-argentamiae  (suocinimidate  or  silver). 

181.  What  acids  would  be  formed  on  treating  aoeto- 
nitrile,  proDionitrile,  benzonitrile,  cumonitrile,  with  acids 
or  alkauesP  and  what  would  be  the  names  of  these  dif- 
ferent nitriles,  if  Ihey  are  considered  as  the  cyanides  of  die 
alcohol  radicals  P  and  how  would  you  prepare  themP 

182.  Give  as  many  different  processes  as  you  can  for 
the  preparation  of  the  fifth  group  of  tertiary  manamides.* 

POLTAMMONIAS. 

1019.  By  substitotiBg  polyatc«iic  radicals  for  the  hy- 
drogen in  ammonia,  seyeral  ammonia  molecules  coalesce, 
the  number  depending  upon  the  atomicity  of  the  radical. 
These  complex  ammonias  are  often  termed  polyammonias, 
and  they  are  subdivided  into  polyamines  and  polyamides, 
aocordingto  the  chemical  character  they  exhibit. 

1020.  Ihe  formation  of  polyammonias  may  be  aooom- 
plished  in  at  least  three  essentially  different  ways.    For 


*  The  itadent  most  nowitady— flniL  tlie  chliwidM,  fto.,  of  the 

bodies  (peffe  386) ;  2nd,  the  hydrateo  oxidee  of  the  oniiim  bodies  (pege 
S86)  I  8nL  the  edd  dematiTee  of  wnmonimn  (p«ire 832).  iiler  he  hae  gooe 
through  theee  groupe,  he  ftoiBiamicw  the  polyi 
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the  present  we  shall  only  point  ont  two  of  them.  1st. 
The  ammonia  molecules  may  be  tied  together  by  a  poly- 
atomic radical ;  the  number  of  ammonia  atoms  whidi 
ooalesoe  depending  on  the  atomicity  of  the  polyatomic 
radical.  A  diatomic  radical,  for  example,  would  cause 
two  atoms ;  a  triatomic  radical  would  cause  three  atoms ; 
a  tetratomio  radical  would  cause  four  atoms  of  anmionia 
to  unite  together.  This  method  may  be  expressed  by  the 
following  general  equation : — 

E*  Br»  -h  «  H,  N  =  (E*  H,»  NJ*Br». 

1021.  According  to  the  second  plan,  the  accumulation  of 
the  ammonia  molecules  may  be  attempted  by  increasing 
the  number  of  polyatomic  radicals  of  giren  atomicity 
used  as  binding  materials.  It  is  obvious  that,  theoreti- 
cally, any  nuinber  of  ammofoia  molecules  may  be  held 
together  oy  diatomic  radicals,  provided  we  appropriately 
increase  the  number  of  the  latter,  thus : — 


Diao&faia. 
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H 
H 
H 


Tetmnine. 


N 


HJN 
H 


H 
H 
H 

H 
H 
H 


N 


N 


-S;'i«- 


1022.  The  accumulation  of  ammonia  molecules  is  deter- 
mined, as  shown  by  these  general  examples,  by  the  num- 
ber of  diatomic  radicals  which  are  fixed;  tliat  for  the 
production  of  an  (n  -|-  1)  atomic  ammonia,  at  least  n 
diatomic  radicals  are  required ;  the  number  of  molecules 
of  diatomic  bromides  and  the  quantity  of  ammonia  in- 
volved in  the  accumulatiye  processes,  are  giyen  in  the 
following  general  equation : — 

f«E'Br.+2«H.N=p/H(^^^^N(^^j]f-+^Br(.+0-h 

«— l([H4N]Br) 

1028.  We  will  now  show  how  this  equation  applies  to 
the  first  terms  of  the  series  of  diammonium,  triammonium, 
and  tetrammonium  salts. 

1.  When  »  =  1  the  equation  gives  us  the  first  term  of 
a  series  of  diammonium  compounds,  for — 

E'Br,  4-  2H,N  =  [E'H.N.j'Br,; 

and  if  R'  =  the  diatomic  body  ethylene  (CjH*)',  we 
obtain,  in  this  manner,  the  dibromide  of  ethylene-diam- 
monium, — 

C.H,Br,  -f  2H.]Sr=  [(CHJ'HeNj'Br,. 
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2.  When  »  ==  2,  the  equation,  it  will  be  seen,  gireB  us 
the  first  term  of  a  series  of  triammonium  compounds. 

2  E'Br,  +  4H,N  =  [E',H.N,]"  Br,  +  [H.NJBr; 

and  if  E*  =  (CjHJ',  we  obtain  the  tribromide  of  diethy- 
lene-triammoniom. 

2  (CCHJ'Br.)  +  4  H.  N  =  [(C.HO/  H.N.}'Br,  + 
[(H,N)Br] 

3.  When  n  =  3,  the  equation  gires  us  the  first  term  in 
the  series  of  tetrammonium  compounds,  thus : — 

3E"Br,  +  6H,N=[B,'H,oN,]"Br.  +  2([H,N]Br); 

and  if  E'=  (C9H4)'  we  obtain  the  tetrabromide  of  tri- 
ethy  lene-tetrammonium . 

3([C.H,7Br.)  +  6H.N=[(C.HJ/H,,N.]"Br,  + 
2([H,N]Br) 

1024  Just  as  we  hare  seen  that  the  hydro^n  in  am- 
monia can  be  graduaUy  replaced  by  equal  equivalents  of 
the  radicals  oAhe  yinic  alcohol  series,  so  the  atoms  of  the 
hydrogen  in  the  polyammonias  can  be  gradaidly  replaced 
by  polyatomic  radicals ;  as  examples  of  this,  we  wiU  con- 
trast tne  series  of  monamines,  diamines,  and  triamines. 

Diethylene-triunine. 


Etliylamme. 

H    <N 
H    S 

Siathylamiiw. 

(C.H.)'j 
(C.H, 


N 


BthyWe-diftiiuiie. 

H.   (N, 
H.  S 

Diethjlene-dluniiw. 

(C,H.)'l 
(CHO'VN. 


TrieChylene-triamiiM. 


TriethjlsmiiM.       Trietlijlene-dJMmne,       Tetrefhylene-triaouna. 


(C, 
(0, 


(C.HJ') 
2v 
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1025.  We  have  seen  that  four  different  oompoimdfl  ean 
be  formed  if  each  eqaivalent  of  hydrogen  in  ammoninm 
be  sacceBsiyely  repLaced  by  a  xnonatomic  radicaL  So, 
also,  four  compounds  can  be  formed  if  each  double  eauiTa- 
lent  of  hydrogen  in  cUammonium  be  BuocesBiyely  replaced 
1^  a  diatomic  radical.  But  the  gjroup  of  triatomic  ethy« 
lene-ammoniums  does  not  comprise  less  than  fire  com- 
pounds, the  last  term  of  the  series  being  a  non-rolatile  body, 
the  hydbrate  of  the  triatomic  eihylene-ammonium,  in  which 
the  twelve  equiyalents  of  hydrogen  in  three  equivalents 
of  ammonium  have  been  replaced  by  six  equivalents  of 
ethylene;  this  body  is,  therefore,  represented  on  the 
water  type,  and  by  the  following  formulEt :— 


[(C.Ho;'w.]"'>o, 


1026.  But  not  only  is  there  produced  by  the  action  of 
bibromide  of  ethylene  on  ammonia  a  series  of  four  diam- 
moniums,  but  there  are  also  formed  four  different  series  of 
monammoniums,  each  series  consisting  of  four  ammoniums ; 
so  that,  even  when  omitting  secondary  products,  sixteen 
compounds  are  capable  of  being  produced  by  the  action 
of  bibromide  of  ethylene  on  ammonia. 

1027.  The  four  ammonium  compounds  in  the  series 
of  diammoniums  would  have  the  following  formulas : — 

(CHO'H.N.Br,  I         (C.HO/H.N.Br. 

(C.By/H,N,Br.  |         (C,HJ/      N.Br. 

1028.  Along  with  this  series  of  diammoniums,  a  series 
of  monammoniums  is  always  formed,  in  which  mono- 
bromide  of  ethylene  (€.  H^  Br)  enters  as  a  monatomic  ladi- 
cal ;  the  four  monammoniums  which  could  thus  be  fanned 
would  have  the  following  composition : — 

(C,  H4  Br)'  H,  N  Br        I     (C,  H*  Br)/  H  N  Br 
(C.H4Br)/H,NBr        |     (C.H^Br)/     NBr 

1029.  If  the  reaction  by  which  the  last  series  of  mon- 
ammoniums is  formed  takes  place  in  the  presence  of 
water,  the  bromine,  which  is  either  wholly  or  partially 
eliminated  as  hydrobromic  acid^is  replaced  by  the  moleoolar 
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residue  of  water ;  and  thus  a  series  of  monammoniiim  salts 
is  formed,  in  which  a  molecule  (CsHfH  O  =  CsH«0)  enters 
monatomically.  The  salts  in  this  series  wonld  hare  tiie 
following  formoln : — 

(CH.O)'H,NBr  I       (C,H.O),HNBr 

(C,H.OVH,NBr  |       (C,H.0)4     NBr 

1030.  As  ethylene  compounds  have  a  tendency  to  re- 
solre  themselves,  in  the  presence  of  alkalies,  into  vinyl 
comnounds,  a  fourth  series  of  monammoniums,  in  which 
vinyl  (Ca  H«)  enters  as  a  monatomio  radical,  is  formed. 
Four  ammoniums  in  this  series  would  have  the  following 
formula : — 

(C,  H,)'  H,  N  Br  I       (C,  H,),'  H  N  Br 

(C.H.);H.NBr  |       (C,H,);      NBr 

1031.  Ammonia,  we  have  already  stated,  is  capable  of 
producing  (omitting  secondary  products),  by  the  action  of 
bibromide-ethylene,  not  less  than  sixteen  compounds; 
ethylamine,  by  the  action  of  the  same  reagent,  not  more 
than  twelve ;  diethylamine  not  more  than  eight ;  and  tri- 
ethylamine  not  more  than  four  compounds.  The  reason 
why  fewer  compounds  are  formed  with  an  amine,  in 
which  one  equivalent  of  hydrogen  is  replaced  by  a  mon- 
atomio radi(»l,  than  with  ammonia  itself,  and  why  the 
number  decreases  by  four  for  each  atom  of  hydrogen 
that  is  replaced  in  the  ammonia  by  a  monatomic  nulical, 
will  suggest  itself,  no  doubt,  to  the  diligent  student. 

1032.  The  student  will  naturally  ask,  How  did  Hofinann 
prove  that  the  two  equivalents  or  bromine,  which  exist  in 
every  one  equivalent  of  the  ammonium  compounds  in 
which  he  states  (CtH4Br)  enters  monatomically,  exist 
in  two  different  states?  He  proved  it  in  the  following 
manner : — 

1.  If  nitrate  of  silver  is  added  to  one  of  these  mon- 
ammonium  salts— say,  bromide  of  bromethylene  triethyl- 
ammonium, — ^^ou  omv  get  one-half  the  bromine  precipi- 
tated as  bromide  of  silver :  even  if  the  solution  containing 
the  nitrate  of  silver  and  tiie  ammonium  compound  be  boiled 
for  a  lengthened  period,  the  other  half  of  the  bromine 
remains  untoudied  $  the  change  which  the  nitrate  of  silver 
undergoes  is,  therefore,  very  simple,  thus : — 
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[(C.H,  Br)  '(C.  H.),  N  Br]  +  ^^^^  \  O  = 

[(C.H.Br)'(C,H,),5o,}^^  +^«^' 

2.  If  freMy  precipitated  oxide  of  Bilrer  is  added, 
instead  of  nitrate  of  siWer,  to  the  ammoninm  compound, 
the  whole  of  the  bromine  is  separated  at  once  in  the  form 
of  bromide  of  silver,  a  new  base  being  formed.  According 
to  circumstances,  this  base  may  contain,  in  place  of  the 
broniinated  radical,  the  radical  vinyl  (C*  H,),  or  another 
radical,  arisinff  from  the  brominated  radical,  by  the  sub- 
stitution of  the  residue  H  O  for  Br ;  the  formula  of  this 
radical  is,  therefore,  d  H4  H  O  =  C,  H.  O. 

(a.)  When  the  base  containing  the  vinyl  radical  is 
formed,  the  following  changes  take  place : — 

§:i:        UB,  +  i«}0-[«'.=.).(C.H.)"g}0]  +  2A,Br 

(h.)  Acetate  of  silver  acts  differently  to  the  nitrate 
upon  those  monammonium  compounds  containing  the 
brominated  radical;  the  acetate  does  not  act  upon  the 
bromide  of  the  bromethylene  triethylammonium  in  the 
anhydrous  condition,  but  in  the  presence  of  alcohol  or 
water,  at  a  temp€()rature  of  100°  G.,  it  speedily  removes 
the  whole  of  the  bromine,  acetate  of  vinyl-triethylam- 
monium  being  formed,  thus : — 

[(C,H,Br) (C.H.).NBr]  +  2 (^'^i^t  ^)  = 

Aoetate  of  Tinj^tvuiUiiylainiaoniiim. 

(c.)  The  base  containing  the  radical  (C*  Hs  O)  is  always 
formed  when  the  action  takes  place  in  moderately  dilute 
solutions;  the  following  changes  take  place  when  his 
base  is  formed : — 

[(C.H.Br)'(C.H.).N]Br  +  ifj  O  +  J}  0= 
2AgBr  +  [(C.H.O)  (C.H^.gJ  O  J 
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1083.  The  oxethylated  base  can  be  conyerted  into  the 
bromethylated  one,  by  adding  to  the  chloride  of  the 
fonner  pentabromide  of  phosphoras ;  the  ammoniom  com- 
pound IB  energeticaUy  attacked  by  the  bromide  of  phos- 
phoras, ozybromide  of  phospharus  and  hydrobromic  acid 
.  are  abundantly  evolved,  and  the  residue  of  the  reaction 
contains  the  chloride  of  bromethylene  triethylammoDium, 
thus: — 

[(C.H.0)(C,H»),N]C1  +  PBr.  =  HBr  +  POBr,  + 

[(C,H,Br)(C,H.).N]Cl 

Thus  the  monatomic  radical  (Cj  Hs  O)  in  this  ammonium 
comr>ound,  which  we  have  seen  ori^naUy  sprung  out  of 
the  oibromide  of  the  diatomic  radical  ethylene,  suffers, 
under  the  iDfluenoe  of  pentabromide  of  phosphorus,  altera- 
tions identical  with  those  which  it  is  known  to  undergo 
under  similar  circumstances,  when  conceived  as  a  consti- 
tuent of  alcohol. 

1034.  Hofmann  has  pointed  out  that  the  salts  of  brom- 
ethylated aDd  oxethytated  triethvlammonium  may  be 
regarded  as  tetrethylammonium  salts,  in  which  an  equiva- 
lent of  hydrogen  in  one  of  the  ethyl  atoms  is  replaced  by 
bromine  and  by  the  residue  H  O  respectively.    Examples : 

Bromide  of  tetrethylammonium  [(CtH^H)  (CsHs),NJBr 
'''I'ij^oS'^j'^  *^:[(C.H.Br)(C.H.).N> 
'^X^or.^l'^'^  «;[(CH.HO)(C.H.).N]Br 

1036.  He  has  even  proved  thit  the  bromethylated 
compound  can  be  concerted,  simply  by  reduction,  into  a 
salt  of  tetrethylammonium.  This  transformation  can  be 
effected  without  difficulty,  on  acidulating  the  solution  of 
thebromethylated  bromide  with  sulphuric  acid,  and  digest- 
ing the  mixttire  with  granulated  zinc;  the  latent  bromine 
is  eliminated  as  hydrobromic  acid,  its  place  being  at  the 
same  time  filled  by  one  equivalent  of  hydrogen,  thus : — 

[(CH^Br)  (C,  H.),N]  Br  +  HH  =  H  Br  +  [(C,  HJ^NjBr 

1036.  We  have  stated  that  the  polyammonias  may  be 
formed  in  at  least  three  essentially  different  ways.    We 
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have  already  pointed  out  two  of  thoee  methods ;  we  shall 
now  point  out  the  third,  which  is  the  most  siDgolar  plan 
of  the  three ;  for  hj  tlus  third  method  polyammoniaa  are 
formed  from  Uie  action  of  monatomio  radicals. 

3rd  Method. — These  bromethylated  ammonias,  when 
bron^ht  in  contact  with  ammonia,  or  with  a  primary, 
secondary,  or  tertiary  amine,  coalesce  with  the  aaded  am- 
monia, a  diammonium  being  the  result.  Thus,  if  we  add 
toother  equal  equiralents  of  bromide  of  bromethylated 
triethylammonium,  and  triethylamine,  dibromide  of  ethy- 
lene hexethylated  diammonium  is  produced,  thus :  — 

[(C,H,Br)'(C.H.).N}Br  +[(C.  H.).N]  = 

[(C.HO'(C.H.)eN,]'Br. 

(a.)  We  noticed  (906)  that  the  hydroeen  atoms  in 
ethyl  and  its  homologues  can  be  reijlaced  by  bromine, 
chlorine,  iodine,  therefore  we  can  obtain,  by  the  substitu- 
tion of  one  atom  of  bromine  for  one  atom  of  hydro^n 
in  bromide  of  ethyl,  a  body  isomeric  with  bibromide 
of  ethylene.  Hofmann  has  made  this  body  monobro- 
minated  bromide  of  ethyl  (C,  H4  Br)  Br ;  it  has  a  different 
boiling  point,  and  its  other  physical  characters  are  alto- 
gether omerent  to  bibromide  of  ethylene,  yet  its  behayiour 
IB  the  same  as  bibromide  of  ethylene  with  ammonia 
or  an  amine, — ^the  bromethylated  ammonium  is  produced, 
which  unites  with  ammonia  or  an  amine  in  equiyalent 
proportions,  a  diammonium  being  produced. 

(0.)  Polyammonias  can,  therefore,  be  formed  by  intro- 
ducing into  a  body,  on  the  type  ammonia,  a  brominated 
monatomic  nulicaf :  the  brozmde  thus  inserted  is  capable 
of  fixing  a  body  on  the  type  ammonia,  producing  a  poly- 
ammonia.  The  number  of  atoms  of  ammonia  which  are 
fixed  will  depend  obyiously  upon  the  bromination  of  the 
monatomic  radical :  if  one  atom  of  hydrogen  in  the  radical 
has  been  replaced  by  its  equiyalent  of  bromine,  one  atom 
of  ammonia  will  be  fixed ;  if  two  atoms  of  hydrogen  in  the 
radical  haye  been  replaced  bj  equiyalent  quantities  of 
bromine,  two  atoms  or  ammoma  will  be  fixed,  &c.,  thus: — 

[(C.H.Br,)' H,N]Br+2H,N  =  [(C,H,)''H,  N.J'Br. 

[(C,H,Br.)'H,N]Br+  3H.N  =  [(C,HJ-H«N4]-Br, 
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[(C,HBrO'H.N]Br  +  4H,N  =  [(C,HrH„N.]'"Br, 
[(C,     BnyH.N]Br  +  6H.N  =  [(C.    r'HuN,]"'Br, 

1037.  But  the  ammonia  can  be  fixed  as  well  by  increas- 
ing the  nxunber  of  atoms  of  the  monobromini^d  mon- 
atomic  radical  as  by  increasing  the  number  of  atoms  of 
bromine  in  one  atom  of  the  monatomic  radical,  thus :— - 

[(C,H,Br),H,N]Br  +  2H,N=[(C,H,)/H.  N,]"  Br, 

[(C,H,Br),H  J^]Br  +  3H,N  =  [(C.H.)/H»N4]"  Br 

[(CH^Br),      N]Br  +  4H,N  =  [(C,H,)/Hu]Nr.]"'Br. 

1038.  Marsh  gas  gives  birth,  by  the  gradual  substi- 
tution of  chlorine  for  its  hydrogen,  to  four  other  bodies : 
thus  we  hare, — 

ManhgM      -       •       .       •  0«H«^  -  TetnhTdrideof oarboiu 

M oiio«liJ<xiiwtod  manh  gM  •  OHtOl  •  Chloriae  of  meCbyU 

DiefeJorinated  manh  gaa       -  CH.Cla  -  Diohlorideof  methylena. 

TrifQhlorinated  manh  na      -  CHCl,  -  TriohloTide  of  formyL 

TetraeUormatod  maiMi  gaa  -  0C1«  .  Tetraohlorida  of  carbon. 

1038.  Dr.  Hofinann  was  anxious  to  ascertain  whether 
the  four  chlorinated  derivatiTes,  when  submitted  to  the 
action  of  triethyl-phosphine,  would  fix  respectively  one, 
two,  three,  and  four  molecules  of  the  phosphorus  base, 
giving  rise  to  the  formation  of  mon,  di,  tn,  and  tetra- 
phospnonium  compounds.  He  had  previously  fixed  one 
molecule  of  triethyl-phosphine  with  chloride  of  methyl, 
chloride  of  metiiyl-triethyl-phoBphonium  being  formed. 
He  had  also  proved  that  cliloroform  fixes  turee  equi- 
valents of  ihe  phosphorus  base,  the  trichloride  of  formyl- 
nonethyl-triphosphonium  being  formed.  It  only  remained 
for  him  to  examine  the  action  of  the  second  and  fourth 
chlorine  com]^ound.  The  diohloride  of  methylene  is 
capable  of  fixmg,  he  finds,  either  one  or  two  molecules 
of  phosphorus  Base;  the  formation  of  the  ephemeral 
diatomic  base  being  invariably  preceded  by  that  of  Uie 
more  stable  ohloromethylatea  monophospnonium  com- 
pound. Although  Dr.  Hofmann  has  not  yet  succeeded 
in  obtaining  the  direct  product  of  the  action  of  tetra- 
chloride of  carbon  on  trieithyl-phosphine,  vet  the  study  of 
the  products  of  decomposition  nave  provea  that  the  direct 
product  is  a  mixture  ox  two  chlorides,  viz.,— 
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Tetrachloride    of     carbo  •  dodeca  -  ethyl  -  tetraphoa- 
phonium, — 

P      (C.H.).P-," 

L      (C,H.).pJ 
and  trichloride  of  chlorocarbo-noziethyl-tripho8phoniaiii«-^ 


Ci»  Ha  Pj  CI4  = 


r         (C.H.).p-i" 

=     (CCir(C.H.),P       CU 
L  (C.H.),PJ 


1039.  "  These  experiments  proye  that  the  number  of 
molecules  of  trietliTl-phosphine,  which,  under  favorable 
circumstances,  can  be  nxedf  by  the  chlorinated  deriyati?e8 
of  marsh  gas,  is  determined  by  the  number  of  chlorine 
equivalents  which  these  substances  contain." 

1040.  "The  chlorinated  derivatiTes  of  marsh  gas 
exhibit,  in  their  deportment  with  the  phosphorus  bases, 
the  characters  of  hydrochloric  acid.  The  monochlorinated 
product  has  the  saturating  capacity  of  one  molecule  of 
nydrochloric  acid,  the  dichlonnated  product  of  one  or 
two  molecules ;  the  trichlorinated  of  one,  two,  or  three 
molecules ;  the  tetrachlorinated  product,  lastly,  of  one, 
two,  three,  or  four  molecules : — 

OH, a  b(oh,v    ci 
CH,a.r=(CH,a)>aB(CH,)n  a, 

C  H  Cl,  «  (C  H  a,)'  Cl  B  (C  JS  CD"  Cl,  =  (C  H)'r«  a, 

c  ci.     a  (c  oi,)»   Cl « (0  Cl,)-*  Cl, » (c  Cl)"'  a, .  ow  ci« 

1041.  "  The  action  of  chloride  of  methyl  on  trietliyl- 
phosphine  produces  only  one  salt ;  that  of  dichloride  of 
methylene  produces  two ;  chloroform  is  capable  of  pro- 
ducing three ;  and  tetrachloride  of  carbon  four  salts. 

Monoeklorinaied  mar»h  gas. 
Monatomio  compound      -  [(C  H,)  (C,  HJ,  P]  Cl 

Dichlarinaied  marsh  gas. 
Monatomic  salt       .       -  [(C  H,  Cl)'  (C,  H.),  P]'  Cl 
Diatomic  salt  -       .       -  [(CHJ'(C,HJ.P,]'C1, 
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Trichhrinated  fnarsh  gas. 
Monatomio  Bait       -       -[(OH  CI.)'  (C,H.)»P]C1 
Diatomic  Bait  .       -       -  "(CHCirCC.HJ.P.JCl. 
Triatomic  Bait  -       -        -  [(CHr(C.H.).P.]"01. 

Ihtrttehlorinated  marsh  gas. 
Monatomio  salt       -       -  [(C  CW  (C,H.),  P]C1 
Diatomic  salt  - 
Triatomic  Bait  • 
Tetratomic  salt 


^(cci.r(c.H.).p,]'a 

'(CCir(C.H.),P.]''Cl. 
'C"(0,H.)uP*]"Cl. 


1042.  Many  of  the  polyammoniaa  can  form  as  many 
different  classeB  of  Baits  as  the  numberB  of  molecules  of 
ammonia  they  contain.  Thus  the  triammoniaa  are  capable 
of  forming  tnree  claflses  of  salts,  which  may  be  generally 
represented  aa,— 

»,'H.N„2HC1 
E,'H.N.,HC1 

•  1043.  IHaawotU  qftkepolyammonia$.— But  the  stadent 
may  ask.  What  proof  is  there  that  the  ammonia  atoms 
hare  coalesced  under  the  influence  of  the  polyatomic 
radicals  P  Why  not  divide  the  formula  of  the  diam* 
moniums  by  two;  the  triammoniums  by  three ;  and  the 
tetrammoniums  by  foorP  We  should  uien  in  each  case 
obtain  a  formula  which  only  contained  one  eauiyalent  of 
nitrogen  in  what  would  be  one  eauivalent  ot  the  body. 
We  will  answer  this  question,  not  oy  supposed  cases,  but 
by  what  has  really  occurred. 

1044.  Some  years  before  Dr.  Hofinann  attempted  the 
formation  of  polyammonias,  M.  Cloez  obtained  three 
bases  on  submitting  ammonia  to  the  action  of  bibromide 
of  ethylene.  To  tnese  three  bases  he  assigned  the  fol* 
lowing  formuUs  and  names  :— 

Formylia CH.N 

Acetylia C,H.N 

Propylia CtH,N 
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1045.  When  Dr.  Hofmann  began  to  searcli  for  the 
diammonium  bodies,  he  studied  we  resoltB  obtained  by 
M.  Cloez,  and  he  was  led  to  doubt  the  correctness  of  the 
formula  aasigped  to  ^ese  three  bodies  by  that  chemist, 
for  the  following  reasons : — 

1st.  It  is  difficult  to  understand  how  the  action  of 
ammonia  upon  a  compound  like  the  Dutch  liquid  can 
produce  simultaneously  three  bodies  belonging  to  three 
different  homologous  famiUies,  the  formyl-,  acetyl-,  and 
propyl-series. 

2na.  These  doubts  are  increased  if  we  examine  into  the 
ph^iical  characters  of  these  bodies,  espedally  if  we  con- 
sioer  their  high  boiling-points,  and  the  differences  which 
the  three  bases  exhibit  m  this  respect : — 

BoOiag  point. 

Formylia        -    CH.N     -    123*»J^^^^y 

Acetylia  -        -    CH.N    -    170  | 

Propylia.       -    C,H,N    -    210j^^^^ 

Methylamine  (CH»N),  which  contains  only  two  equi- 
Talents  of  hydrogen  more  than  formylia,  is  a  gas  at  the 
common  temperature,  and  its  point  of  liquefaction  is 
considerably  below  the  freezing  point  of  water.  Afain, 
the  differences  of  the  boiling  points  of  substances,  reUted 
in  the  way  that  the  formms  of  M.  Gloez  suppose,  do 
not  often  exceed  20^,  and  very  rarely  rise  to  40^  and 
47°.  All  Ihese  difficulties  disappear  if  the  formulae  are 
doubled ;  they  then  become  diammonium  bases,  in  which 
two,  four,  or  six  equiyalents  of  hydrogen  are  replaced 
respeotiyely  by  one,  two,  or  three  equivalents  of  the 
biatomic  radicid  ethylene.  Formylia  thus  becomes  mon- 
etiiylene-diamine ;  acetylia  becomes  diethylene-diamine ; 
and  propylia  becomes  triethylene-diamine.  The  analyse! 
agree  better  with  the  double  than  with  the  single 
formuUs  ;  for  instance,  the  analysis  of  the  h]rdrochlorate 
of  ^e  base  formylia  fbmished  Hofmann  with  the  fol- 
lowing results : — 

Reqpired  for  the       Bequired  for  Dr.         Mam  of 
formiibof  M.  CloSi.  HofmAon'sfonanlft.     Aiuiljiit. 

Carbon  -  -  18-32  -  -  18^  -  -  17-87 
Hydrogen  -  610  -  -  7*61  -  -  7-66 
Chlorine         -  5419  -       •  63^38    -       -  5317 
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The  student  will  remark  tKat  the  hydrogen  is  greatly  in 
excess  of  that  required  by  Mr.  Cloez's  formula.  Eyen  \n 
that  chemist's  analysis  the  quantity  obtained  exceeded 
what  was  required  by  his  formula  by  1*28  per  cent. ;  and 
in  the  analysis  of  the  hydrated  base,  and  the  anhydrous 
base,  he  obtained  12*77  and  13*31  of  hydrogen ;  whereas 
for  his  formula  he  required  only  10*52  and  10*34 ;  whilst 
12*82  and  13*38  were  required  ror  Hofmann's  formula. 

1046.  To  these  objections  and  arguments  brought 
forward  by  Hofmann,  M.  Cloez  gave  the  followmg 
reply  :^"  According  to  tiie  hypothesis  of  Hofmann,  the 
action  of  ammonia  on  the  chlorinated  and  brominated 
hydrocarbons  cannot  giye  rise  to  the  formation  of 
cnloride  or  bromide  of  ammonium.  The  reaction  consists 
simply  in  a  combination  of  the  two  substances  without 
the  separation  of  a  third  compound.  It  is  a  case  of 
symmorphosis,  or  addition,  thus  :•— 

(C,HyCl,  +  2H,N  =  (C.HJH4N„2HCl. 

Experiment  proyes,  howeyer,  that  the  reaction  inyolyc^ 
the  elimination  of  hydrochloric  acid,  and  the  fixation  of 
the  elements  of  amidogen.  Apomorphosis  and  symmor- 
phosis  are  accomplish^  side  by  side,  as  indicatea  by  the 
following  equation :"— • 

C,H,C1,  +  2H,N  =  (C,H,)H,N,HC1  +  H,N,HCL 

1047.  '*  But  there  is,  said  M.  Cloez, "  a  capital  fact,  which 
completely  settles  the  question  at  issue, — this  is  the 
yapour  density  of  the  free  base.  This  density  has  been 
found  by  experiment  to  be  1*42.  The  theoretical  density 
calculated  for  my  formula,  referred  to  two  yolumes,  is 
1*315;  the  modified  formula  of  M.  Hofmann,  likewise 
referred  to  two  yolumes,  giyes  the  theoretical  densi^  of 
2*699.  These  results  appear  to  me  decisiye ;  and  I  do 
not  hesitate  to  maintain  the  formulss  of  the  new  series  of 
bases  of  which  I  first  pointed  out  the  formation." 

1048.  Dr.  Hofmann  replied  that  M.  Cloez  would  be 
perfectly  ri^ht  in  assummg  that  his  (Dr.  Hofinann's) 
hypothesis  myolyed  the  non-formation  of  chloride  or 
bromide  of  ammonium,  if,  during  the  reaction,  no  other 
base  were  formed,  except  the  first  one  (monethjlated 
diammonium);  '*but  he  forgets  altogether  that  in  the 
process  under  examination,  exactly  as  in  the  mutual  re- 


4M  POLYAMMONIAS. 

action  between  bromide  of  ethyl  and  ammonia,  several 
other  bases  of  more  advanced  Babstitulion  are  produced. 
The  equations  which  I  give  for  the  formation  of  these 
bodies  likewise  involve  the  elimination  of  bromide  of 
ammonium,  and,  in  fact,  of  considerable  quantities  of  this 
compound,  thus : — 

2(C,H4rBr,  +  4H.N  =  (C,H0/H,N„2HBr  + 
2(H,N,HBr) 

3(O,HJ'Br,  +  6H.N  =  (C,H0/N„2HBr-4- 
4(H,N,HBr) 

1049.  "  The  bromide  of  ammonium,  which  thus  sepa- 
rates in  considerable  quantity  in  the  action  of  dibromide 
of  ethylene  upon  ammonia,  belongs  to  the  second  and  third 
portion  of  the  reaction;  it  has  nothing  whatever  to  do 
with  the  formation  of  the  first  base.  M.  Cloez,  as  I  have 
pointed  out,  does  not  admit  the  simple  equation  which  I 
nave  given  for  the  formation  of  this  body ;  he  denies  that 
it  is  simply  formed  by  the  union  of  the  two  compounds 
reacting  u]jon  each  other.  According  to  his  opinion,  it  is 
produced  in  a  secondary  reaction,  occasioned  by  the 
mtervention  of  heat.  My  experiments  do  not  confirm 
this  opinion.  A  mixture  of  dibromide  of  ethjrlene  and 
alcoholic  ammonia,  allowed  to  stand  for  some  tmie  at  the 
ordinary  temperature,  deposited  a  quantity  of  crrstals, 
from  wnich  I  was  enabled  to  extract,  without  distillation, 
simplv  by  successive  crystallizations,  absolutely  pure  salt 
of  etnylene-diamine,  as  proved  by  the  analysis  of  the 
bromide,  the  chloride,  and  the  platinum  salt." 

1050.  Hofmann  said  that  he  perfectly  a^sreed  with  M . 
Cloez  as  to  the  importance  of  tne  vapour  densities ;  but 
he  showed  that  the  hydrated  base  which  that  ehemist 
employed  is  split  up,  as  we  have  already  noticed  (336), 
into  water  ana  the  anhydrous  base ;  each  of  these  com- 
pounds, the  water  and  the  anhydrous  base,  occupying 
two  volumes.  Hofmann,  therefore,  determined  the 
vapour  density  of  the  anhydrous  base;  this  gave  the 
number,  2*00,  which  absolutely  coincides  with  me  theo- 
retical density  of  the  diatomic  rormula  (C,  H,  N,)  referred 
to  two  volumes.  This  theoretical  density  is  2*07 ;  whilst 
the  formula  of  M.  Cloez,  likewise  referred  to  two  volumes, 
requires  the  theoretical  density  of  I'OO.    Hofmann  thus 
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remarks : — **  The  molecule  of  ethylene-diamine,  then,  like 
those  of  all  other  well-examined  organic  compounds, 
corresponds  to  two  volumes  of  vapour ;  and  the  vapour 
density  of  the  base,  far  from  militating  against  the 
molecular  value  which  I  assign  to  this  body,  furnishes, 
on  the  contrary,  an  additional  and  incontestable  argument 
in  its  favour/ 

1051.  Hofmann  goes  on  to  remark,  "  The  preceding  ex- 
periments, although  fixing  in  a  satisfactory  manner  the 
composition  and  the  equivalents  of  the  two  diammonias, 
do  not  unveil  their  molecidar  constitution — their  degree 
of  substitution."  He  endeavoured  to  solve  this  problem 
in  the  same  way  as  he  had  done  the  monammonias  (983), 
by  submitting  them  to  the  action  of  iodide  of  ethyl; 
this  process,  moreover,  could  not  fail  to  fiimish  a  final 
decision  between  the  two  theories, 

1052.  "  In  considering,  with  M.  Cloez,  the  two  bases  as 
primary  monamines  belonging  respectively  to  the  formic 
and  to  the  acetic  groups, — 

it  is  evident  that  each  of  them  must  be  capable  of 
absorbing  successively  one,  two,  or  three  equivalents  of 
ethyl,  and  yielding  three  ethjrlated  bases,  two  volatile  and 
one  fixed.  On  the  contrary,  if  the  bases  were  products  of 
the  saccessive  substitution  of  the  same  molecule  for  the 
hydrogen  in  two  equivalents  of  ammonia,  if  they  were 
respectively  a  primary  and  a  secondary  diamine, — 

(C.HO'i  (C.HJ') 

H.     N,  (C,HO'    N„. 

H,   )  H,    ) 

the  first  of  the  two  must  likewise  give  rise  to  the  for- 
mation of  three  bases,  whilst  the  second  one  would 
prodnceonly  two."  Exi>eriment  verified  this  anticipation  of 
Hofmann's.  In  submitting  the  base,  which  he  regarded 
as  ethylene-diamine,  to  the  alternate  action  of  iodide  of 
ethyl  and  oxide  of  silver,  he  succeeded  in  obtaining  twa 
volatile  ethylated  bases,  and  a  third  one,  which  is  fixed. 
These  compounds  are  well  defined;  their  composition  was 


CH) 

C,H. 

H[iir 

H 

H 

H 
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established  by  the  analysis  of  their  iodides,  or  their  pla- 
tinum salts.    Bepresented  as  salts,  these  bases  oontain,— 

^toBiL '^^!*"'"'^:  [(CHO-  H.N.]!. 

^tiiSSSJ.'*^^:  [(C.HJ'(CH.).  H.N.]I. 

'  Wdia^Lh^.*'^^:  [(C.By'(CH.).  H.N.]I. 

Clti^irSSSnm.  [(C.HO'(C.H.).  HN.]I.) 

'w^^^tS^/*"":  [(C.HJ'(CH.).  N.]I. 

1053.  On  repeating  the  same  experiments  with  the 
base,  which  he  regar<&d  as  ethylene-oiamine,  he  observed 
perfectly  analogous  phenomena;  but  the  reaction  yielded 
only  one  Tolatite  base,  which  was  immediately  converted 
into  a  fixed  base.  Analysed  in  a  similar  manner,  and 
represented  as  salts,  these  bases  exhibit  the  following 
oomposition : — 

Salt   of    diethylene-diam-    r/r«Tr\*  ir-ivrlT 

monium         -        -       -    L<^'^*^«  HjJ^f.Jl, 

'tnlil£om^^^  [(C.H.)/(C.H.),H.Isr.]l. 

("l^W^Sim^^^^^   [(C.HJ/(C.H.).  HN.]I.) 
'l^l^n^'tlium     [(^'SJ/(C.H.).       N.]l. 

1054.  In  the  case  of  diamines,  the  substitation  of  ethyl, 
or  any  monatomio  radical,  has  never  been  limited  to  tiie 
substitution  of  single  atoms ;  two  or  four  atoms  of  ethyl 
always  go  in  and  replace  the  like  niimber  of  atoms  of 
hydrogen ;  but  in  the  case  of  diammoniums  it  is  different; 
we  two  hydrogen  atoms  of  the  diammoniums  can  be 
replaced  singly ;  we  can  have,  therefore,  (£*'  Bs'  H  Ns)  In 
or  (B'IUNJIs.  Now  as  a  monamine  thus  treated  with 
iodide  of  ethyl  or  methyl,  can  yield  only  one  compound 
(B«  I),  this  character  of  tne  diammoniums,  in  retaining  one 
equivalent  of  unreplaced  hydrogen,  will  facilitate  the 
diagnosis  of  the  diamines,  especially  in  the  case  of  com- 
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pounds  easily  deoom^xwable,  or  difficultly  aooessible ;  and 
it  maj,  under  certain  conditions,  become  the  principal 
oritenon  for  ascertaining  the  atomicity  of  an  ammonia. 

1066.  The  pentethylated  compound  [R',(C,H,)gHNjl, 
is  always  formed  when  the  secondary  diamine  is  sub- 
mitted to  the  action  of  iodide  of  ethyl.  In  this  case  two 
independent  reactions  are  accomplished  side  by  side. 
The  first  one  transforms  the  diethylated  diamine  into  a 
tetrethylated  diammonium  compound,  thus : — 

(C.H.).J  N.+  2[(C.H.)  I]=  |^j§f;H  N.  Jl. 


The  second  reaction  giyes  rise  to  a  pentethylated  diam- 
monium compound,  while  the  iodide  of  the  diethylated 
diammonium  is  reproduced,  thus :— 

3|   (C.^).^N.   |+6L(C.H.)IJ=2|   (§1^.  KjK,  |i.+ 
.(E)."     -  ■^^•^^^' 


|(C.|).|N.J+6[(C.H.)l]=2y§|^|N.J] 

Treatment  of  these  iodides  with  oxide  of  silver  yields 
an  alkaline  solution  containing  the  three  bases  in  tiie 
hydrated  state : — 

(1)    [W/(C.H.).H.N.]7o, 


(2)  [(K).'(C.H,).H.N.yJo, 

(3)  [(E).'(C,HJ.HN.J(o, 

H.    3 


The  first  two  (1  and  2),  being  capable  of  oonTersion  into 
the  volatile  diamines,— 


4AB  DIAVIVB8. 

(C,H.).[n,  and(C,HO.    N., 
H.   )  (C.H.).i 

may  be  expelled  from  the  solution  by  a  cvrrent  of  steam, 
the  non-volatile  pentethylated  diammonimn  compound 
being  left  behind. 

1C^6.  The  pentethjlated  oomnound  becomes  oonTertod 
into  the  di-iodide  of  the  hexetnjlated  diammonium,  by 
farther  treatment  with  iodide  of  ethyl.  I%e  formaiun^ 
of  the  pentethylated  derivcUive  eetablishee  ike  diaiomie 
character  qfthe  ammonia  under  examination, 

DlAMIVBS. 

1067.  The  ideal  type  of  this  group  is  diammonia,— > 


H.3 


The  diamines  may  be  subdiyided,  like  the  monamines, 
into  three  groups,  viz.  :— 

Primary  diaminM.        Seoonduy  diaminea.       Tartiary  diamiaei. 

A,)  A,)  A.) 

H.^N,  B.^N,  a^N, 

H,>  H,i  C.) 

1068.  A  broad  line  of  demarcation  appears  in  tiie 
chemical  character  of  the  diamines ;  for  wnile  some  of 
them  combine  with  two  equivalents  of  acid,  a  great 
number  combine,  like  the  monamines,  with  only  one 
equivalent.  The  capability  of  a  diamine  of  uniting  witli 
one  or  two  equiyalents  of  an  acid,  must  be  intimatelj 
connected  with  the  molecular  construction  of  the  basic 
system.  As  yet  this  connection  remains  unknown,  and 
we  are  surprised  to  find  this  difference  of  saturation 
power  in  diammonic  compounds,  which,  in  every  other 
respect,  exhibit  the  greatest  analog. 

1069.  One  of  the  most  interestmg  groups  of  diamines 
is  the  dass  of  bodies  generally  termed  ureas^  and  of 
which  urea,  par  excellence,  fiunishes  the  well-known 
prototype.  They  are  interesting,  not  only  because  urea 
IS  found  in  the  urine  of  men,  and  many  other  animals, 
and  because  it  is  one  of  the  natural  organic  bodies  which 


was  earliest  formed  artificially,  but  also  becanse  sqcIi  a 
Tariety  of  yiews  have  been  adopted  as  regards  its  con* 
■titution. 

1060.  IJrea  is  formed  whenerer  cyanic  acid  or  oyanates 
oome  in  contact  with  ammonia,  or  ammoniacal  salts.  It 
is  flJso  formed  by  the  spontaneous  decomposition  of  an 
aqueous  solution  of  cyanogen.  Cyanate  of  ammonia  is 
first  formed,  and  this  body  becomes  converted  into  urea 
as  the  liauid  evaporates. 

1061.  Urea  is  now  regarded  as  a  diamine,  two  equi- 
yalents  of  hydrogen  in  diammonia  being  replaced  by  a 
diatomic  radical,  carbonyl.  This  view  is  supported  both 
by  its  formation  and  products  of  decomposition.  In  l^e 
eeneral  view  of  polyammonias,  we  have  shown  that  a 
diamine  can  be  produced  by  bringing  in  contact  with 
ammonia  the  chloride,  iodide,  or  bromide  of  a  diatomic 
radical.  Now  urea  can  be  formed  by  acting  upon  am- 
monia  with  phosffene  gas  (bichloride  of  carbonyl),  U  O  GU ; 
and  the  most  characteristic  transformation  of  urea  is  its 
decomposition  into  amm<mia  and  carbonic  acid,  when  it 
is  submitted  to  the  action  of  the  alkalies.    The  formula  of 

urea,  viewed  as  a  diammonium  compound,  is      Ht 

In  the  place  of  the  carbonyl,  sulphcarbonyl  (0  S)  can  be 
substituted  s   we    then    get    the    following   compound, 

H  V  ^"  ''^bich  is  generally  called  sulphocyanide  of 

ammonium.  This  body  is  formed,  as  is  well  known,  by 
the  direct  union  of  ammonia  and  hydrosulphocyanic  acid, 
as  urea  is  by  the  direct  action  of  ammonia  on  cyanic  acid. 

1062.  The  hydrogen  in  urea  can  be  replaced  by  alcohol 
mdicals;  we  then  get  compound  ureas.  The  primary 
ones  are  obtained  by  the  action  of  ammonia  upon  cyanic 
ethers  :— 

Cjanie  Mid.  TJrem. 

CjtauAe  of  ethyL  Bthyl-nrea. 

2e 


I.  ^N, 
I.) 
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The  secondary  ureas  can  be  fonned  by  actme  upon 
the  cyanic  ethen  wiih  primary  monaminea,  or  by  the 
action  of  water  upon  the  cyanic  ethers,  thus  :^- 

Dietlijl- 


(3.) 


2 


(cov)        ^•^•?        (^^y  1 

&.)}  N)  +h}  0  =  (C.|j.|  N.+  CO. 


1063.  We  must  press  upon  the  attention  of  the  student 
that  all  bodies  belonipuig  to  the  dass  of  bodies  termed 
urmu  must  be  fonned  in  a  manner  corresponding  to  urea, 
and  must  experience,  on  being  submitted  to  the  action  of 
the  alkalies,  corresponding  decompositions.  Before  giving 
the  student  some  exercises  to  worx  out,  we  will  endeaTour, 
by  a  few  examples,  to  show  how  chemical  philosophers 
frequently  intei^ret,  from  the  substances  into  which  a 
body  decomposes,  the  rational  constitution  of  that  body. 

1st  example.-^  Some  years  aero  Hofmann  obtained  two 
bodies  from  aniline.  One  was  best  obtained  by  the  action 
of  phosgene  gas  on  that  substance,  and  the  other  was 
most  abundantly  procored  by  the  action  of  bisulphide  of 
oarbon  on  anilme.  These  podies  might  be  viewed  as 
diammonias  in  which  two  equivalents  of  hydrogen  had  been 
replaced  by  two  of  phenyl,  and  two  other  equivalents  of 
hydrogen  had  been  replaced,  in  one  by  the  diatomic 
xadicu  (C  O)',  and  in  tne  other  by  the  diatomic  radical 
(CSy.  The  rational  formula  of  these  bodies  would 
therefore  be,— 


(1.) 


(CO)'  7 

H,  ) 

1. 3 


carbanilide,  diphenyl^ureay 
or  oarbophenylamide. 


(2.)    (CS)' 

(C«  Hs).  \  Na,  sulphooarbauilide. 


The  two  substances  in  question,  as  far  as  their  formula 
are  involved,  obviously  correspond  to  urea  and  solpho- 
cyanide  of  ammonium.    In  their  fonnation,  likewise,  they 
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oorrmoncl  to  these  bodies ;  but  in  their  chemical  nature 
they  dmer;  for  whilst  nrea  exhibits  the  deportment  of  a 
bascy  and  sulphocyanide  of  ammonium  has  a  saline 
character,  the  two  new  bodies  are  perfectly  indifferent 
substances. 
^  1064.  Nevertheless,  to  use  Hofmann's  words,  ''on  con- 
sidering the  difference  of  the  chemical  properties  of  urea 
and  sulphocyanide  of  ammonium,  and  on  recollecting  that 
the  saline  constitution  of  urea  is  much  more  hidden  than 
that  of  sulphocyanide  of  ammonium,  it  appeared  worth 
while  to  try  whether  the  action  of  powerful  agents  would 
not  reveal  a  similar,  if  I  may  use  the  term,  saline  con- 
struction in  carbanilide  and  snlphocarbanilide.  Experi- 
ment realized  this  anticipation. 

1065.  "In  the  conception  of  the  above  view,  I  have 
endeavoured  to  split  the  two  bodies  in  question  according 
to  the  equations— 

CaibaiiiUde.  AailiBA.       Cjanate  of  pli«D^ 

C«H«N,0  =  C.HtN  +  CtH,NO 
and— 

Bolpliooarbftiulide.  SnlpliooyaiiideafphenTL 

C„H„N,8  =  C.HrN  +  C,H,NS 

raggested  by  analogous  changes  of  urea  and  sulphocyanide 
of  ammonium  :— 

ITtml  pyMiio  add. 

CH«N,0  =  H,N  +  CHNO 

SnlplioojaDide  of  HjdrotnlpboojftDio 

MBinoiiiiim.  aoid. 

CH,N.S  =  H,N  +  CHNS 

1066.  **  These  reactions  succeed  without  difficulty  on 
submitting  carbanilide  and  snlphocarbanilide  to  the 
action  of  agents  capable  of  fixmg  aniline  (anhydrous 
phosphoric  aeid,  chloride  of  sine,  and  even  hydrochlorio 
acid  gas).'* 

1067.  2nd  example.— -When  bensonitrile  is  treated  with 
a  mixture  of  sulphuric  and  fuming  nitric  acid,  it  furnishes 
a  solid  nitro  substitute,  G,H«(NO,)N.  This  body, 
under  the  influence  of  reducing  agents  (as  sulphnretted 
hydrogen),  undergoes  the  ordinary  transformation  of 
nitro  compounds ;  an  oily  base  is  formed,  which  is  repre- 
ientedbythefomula»CyHi(NH,)N.    This  base,  when 
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left  in  eontaot  wiiih  sulphide  of  ammoiunm»  is  mdmllj 
chapped  into  a  well-defined  base,  which  has  Siia  oom^ 
position,  CrH«NsS.  This  new  sulphuretted  base  has 
the  same  composition  as  a  feebly  basic  body,  sulpho- 
carbonyl-phenyl-diamide,  which  Hofmann  obtainea  bj 
the  action  of  ammonia  on  sulphocyanide  of  phenyl  (the 
body  which  we  have  seen  was  formed  in  the  decomposition 
of  sulphocarbanilide)^ 

1068.  A  comparison  of  the  properties  of  the  two  bodies 
shows,  however,  that  they  are  not  identical ;  they  are  only 
isomeric ;  the  constitution  of  the  latter  compound  bein^ 
represented  by  the  expression,-— 

(OS)'    ) 

(C.H.)    N.5 
H.  ) 

whilst  the  constitution  of  the  former  maybe  expressed  by 
the  formula — 

Ct(H.H.N)S)  (C,H,Sr) 

H  J  H.       J 

1069.  Chancel  obtained,  by  submitting  nitrobenzamide 
to  reducing  agents,  a  base  narinff  the  same  composition 
as  this  new  sulphuretted  base,  wiu  the  exoention  that  it 
has  oxygen  in  place  of  sulphur,  Cr  Ha  N,  O.  Hofinann  ob« 
tained  a  body  of  exactly  the  same  composition  as  Ghancel's 
base  by  the  action  of  vapour  of  cyanic  acid  upon  aniline, 
or  of  ammonia  with  cyanate  of  phenyl, — 

C,H,N  +  CHNO  =  CrH.N,0 

1070.  Now  although  the  formation  of  Hofmann's  body 
showed  it  to  be  phenyl-urea,  and  the  formation  of  CbanceFs 
body  showed  it  to  be  the  amide  of  amido-benzoic  acid,— <> 

CtH.O) 

Benzamide H      ^N 

H      i 
C,(H.NO0O 
Nitrobencamide  •       -       •         H  >N 

H  ) 

C,(H.NFJO] 
Amidobflosamida       -       •         H  }lj[ 

H 
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still,  as  ordinary  urea  combineB  witli  acids,  and  as 
Chancers  compound  combined  with  acids,  and  Hofmann's 
did  not,  chemists  began  to  look  upon  Cha^ceFs  compound 
as  the  true  phenyl-urea.  Hofmann  has  called  attention 
to  the  fact  that  compound  ureas  must  resemble  urea  in  their 
mode  of  formation,  and  in  their  products  of  deoompositioa. 
Kow  the  body  formed  by  Hofmann  resembles  urea  in  both 
these  respects,  whereas  Chancers  compound  does  not 
conform  to  urea  in  either  its  formation  or  its  decom- 
position. A  compound  urea,  Hofmann  states,  when 
submitted  to  the  action  of  alkalies,  should  yield,  together 
with  carbonic  acid  and  ammonia,  the  monamine  from 
which  it  has  arisen.  Fhenyl-urea  should  therefore  furnish 
carbonic  acid,  water,  and  phenylamine ;  and  these  are  the 
products  furnished  by  the  body  Hofinann  formed  ly  the 
action  of  cyanic  acid  on  phenylamine. 

(CO)')  ^\  H)  C.H.) 

Hj  )  '  H )  H  ) 

1071.  In  the  formation  of  Chancel's  compound,  on  the 
other  hand,  no  cyanogen  compound  is  involved,  and  it 
exhibits  wiUi  potassa  the  deportment  of  an  amidated  amide. 
The  reaction  presents  two  distinct  phases,  ammonia  and 
amido-benzoic  acid  being  formed  in  the  first  place,  and 
ammonia  and  benzoic  acid  in  the  second. 

c,(h.h.n)Ojo^hjo+h|n+o.h.ojo. 

Hofmann's  compound  is  therefore  the  true  phenyl-urea. 

BZSBCISBS. 

183.  Write  out  the  formula  for  the  following  sub- 
stances :  -^  Sulphallyl  -  urea  (thiosinamine),  sulpheihyl- 
allyl-urea,  sulphophenyl-urea,  methyl-urea. 

184.  Write  out  the  formula  for  the  following  sub- 
.  ttancea,  state  how  you  would  prepare  them,  and  into 
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wbftfe  sabstances  they  are  deoomposed  by  potash : — ^AUyl- 
urea,  dimetfa5[l-urea,  diallyl-urea  (sinapoline),  ethyl-allyl- 
urea,  ethyl-piperyl-urea. 

1072.  The  nreaa  are  all  monacid. 

1073.  The  student  is  already  avrare  (1024)  that  there  are 
diamines  in  which  a  biatomio  radical  of  the  olefiant  gaa 
series  occupies  the  place  of  two  equivalents  of  hydrogen 
in  one  equi?alent  of  the  diamine. 

BXBBCISB. 

185.  Write  out  the  formuln,  and  state  how  you  would 
prepare  the  following  substances: — Ethylene-diamine, 
dietnylene-diamine,  ethylene-tetreth^l-diamine,  ethyko&e- 
diethyl-diphenyl-diamine,  ethylene-diphenyl-diamine. 

1074.  Aromatic  diamines. — Hofmann  has  lately  obtained, 
by  the  reduction  of  dinitrobenzole  with  acetate  of  iron, 

phenylene-diamine,        H.    >  N»  and  he  has  examined  a 

H,    ) 
crystalline  base  from  some  aniline  works,  which  prored  to 

(C,H.r) 
be  toluylene-diamme,      H,    >  Nt.     Toluol  is  almost  in- 

H,  ; 
variably  present  in  commercial  benzole ;  and  in  the  rnanu- 
facture  of  aniline  from  nitrobenzole  the  dinitro-toluol  be- 
comes converted  into  toluylene-diamine.  There  are  other 
basic  bodies  formed  in  the  manufacture  of  aniline  besides 
toluylene-diamine,  one  of  which  has  been  very  recently 
examined  b^  Hofmann ;  he  finds  it  to  be  a  diamine ;  from 
its  composition  (CuHi«Ns),  he  has  named  it  pariiniUme. 

DiPHOSPHlNBS,  DiABSIKBB,  XTC. 

1075.  When  dibromide  of  ethylene  is  made  to  act  on 
triethyl-phosphine,  two  bromides  (omitting  the  secondary 
products  which  are  formed),  are  produced,  vis.,  dibromide 
of  ethylene-hexetbyl-diphosphomum,  and  bromide  of  brom- 
ethyl-triethyl-phosphonium ;  the  substances  formed  are 
therefore  analogous  to  those  which  are  produced  when 
ethylene  bromide  acts  upon  triethylammonia.  The  di- 
bromide is  readily  formed  if  the  bromide  of  bromethyl- 
phosphonium  is  made  to  act  upon  the  triethyl-Dhosphine. 
We  can  in  this  way  obtain  <niium  bodies  in  which  we  have 
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two  difPerent  members  of  the  nitrogen  group  present.  If 
we  make  bromide  of  brometiiyr-trietliyl-pDosphoniimi 
act  upon  ammonia,  the  dibromide  of  etaylene-trietbyl- 

r(C.H.).)         ' 
pnospnammonium,  L(Cs  H4)'  ^  F  N  I  Bvt,  is  formed.  If  we 

H,  )  -^ 
make  the  bromethylated  monatomicbodyactoneihylamine, 
we  get  a  phoBphammonium  differently  ethylated ;  when  we 
make  it  act  upon  methylamine,  we  get  a  pnosphammoninm 
both  ethylated  and  methylated.  Now  all  these  bromides 
of  phosphammoniumB,  when  treated  with  oxide  of  Bilrer, 
yield  hydrated  oxides  of  phosphammonioms,  which  are 
powerful  alkaline  oxides. 

1076.  When  bromide  of  bromethylated-triethyLphos* 
phonium  is  made  to  act  upon  triethylarsine,  the  two 
substances  combine,  dibromide  of  ethylene-hexethyl-phos- 
pharsonium  being  produced ;  this  bromide,  when  treated 
with  oxide  of  silyer  in  ike  cold,  yields  hydrated  oxide, 
of  ethylene-hexethyl-phospharsonium.  The  phospharso* 
nium  compounds,  and  more  especiaUy  the  hydrated  oxide 
are  far  less  stable  than  the  corresponding  terms  of  the 
diphosphonium  and  even  of  the  phosphammonium  series. 

1077.  When  bromide  of  bromethyl-triethyl-phospho- 
nium  is  treated  with  oxide  of  silver,  hydrated  oxiae  of 
yinyl-triethyl-phosphonium  is  produced. 

1078.  When  dibromide  of  etnylene  is  made  to  act  upon 
triethylarsine,  bromide  of  bromethyl-triethjjrlarsonium  is 
formed ;  this  bromide,  when  treatea  with  oxide  of  silver, 
yields  hydrated  oxide  of  vinyl-triethylarsonium.* 

1079.  When  the  bromide  of  bromethylarsonium  is 
made  to  act  upon  triethylarsine,  the  dibromide  of  ethy  lene- 
hexethvl-diarsonium  is  formed.  When  this  boay  is 
treatea  with  oxide  of  silver,  the  hydrated  oxide  of 
ethylene-hexethyl-diarsonium  is  produced ;  this  body  is  a 
powerM  alkali. 


*  Hofinann  itoiM  that  the  bromide  of  bvomethyl-triefhyl-pli' 
wben  treated  with  oxide  of  nlver,  is  almoet  inTamblT  conTerted  into  tlie 
oxethykted  body  (1031-2),  iti  traiiBformation  into  the  nnrl  compound  being 
ftltogrtber  ezo»ptionaL  The  bromide  of  the  bromethylated  anoniam,  on 
the  other  hand,  yields,  as  a  rale,  the  Tinyl  body  of  the  series,  the  formation 
of  ,an  oxethylated  compound  taking  plaoe  only  under  particular  cironm* 
sUnoes;  in  fact,  to  rar«|y,  as  to  leave  some  doubt  regarding  the  ezisteaoe  of 
this  term  of  the  series. 
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1060.  When  bromide  of  brometihylated  sraenium  w 
made  to  act  upon  ammonia,  the  hibromide  of  ethylene- 
triethylanammoniimi  is  produced.  When  this  bromide 
ie  treated  with  oxide  of  silVer,  hydrated  oxide  of  ethylene- 
triethjlaraammonimn  ie  produced ;  this  body  is  a  stable 
caustic  base. 

1061.  PhotpkoretUd  wrea$» — ^When  solphocjanide  of 

phenyl,  (q  q  r  S),  is  bronght  into  contact  with  trietJiyL 

phosphine,  they  combine  together  in  eqniTalent  proporw 
tions ;  bolh  the  formation  and  deportment  of  this  body 
show  that  it  belongs  to  the  class  of  bodies  of  which  nrea 
is  the  type ;  if  urea  be  viewed  as  a  monaoid  diamine^  the 
rational  composition  of  this  body  must  be,— 

(csr         ) 

(C.H.).  [nP 

(C.H.)(C.H.)) 

It  was  the  first  example  in  which  all  the  hydrogen  ia 
urea  was  removed  by  substitution.  It  is,  like  its  proto- 
type, a  monacid  base. 

1062.  When  sulphocyanide  of  allyl  is  made  to  act  npoa 
triethyl-phosphine,  a  corresponding  urea  is  formed.  Kof- 
mann  nas  in  vain  endeavoured  to  produce,  by  the  action 
of  triethyl-phosphine  on  the  sulpnocvanides  of  methvl, 
ethvl,  and  amyl,  compound  ureas  analogous  to  the  allyl 
and  phenyl  bodies. 

1(^3.  Hofinann  also  endeavoured  to  obtain,  by  employ- 
ing triethylarsine  and  triethylnstibine  in  the  plaee  of 
triethyl-phosphine,  the  corresponding  arsenetted  and  anti* 
monetted  ureas,  but  without  success. 

1064.  Hofmann  also  endeavoured  to  obtain  the  cor- 
responding oxygen  ureas  by  employing  cyanate  of  phenyl 
instead  of  sulphocyanide  of  phenyl,  to  act  upon  tnetjiyl- 
phosphine,  but  without  success. 

DzAiniXBS. 

1085.  The  diamides  are  constructed  on  the  type  of  two 
atoms  of  ammonia.  They  may  be  divided,  like  the  mon- 
amides,into  primary,  secondary,  and  tertiary,  accor^g  as 
one-third,  two-thirds,  or  all  the  hydrogen  is  replaced  by 
other  radicals. 
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Tiimarj  diamidM.  Seoonduy  diainiilai.  Tortiacy  diuoadm, 

A,  )  A,  )  As  ) 

H,j  B,)  Cj 

Pbiicaxy  Diakidbs. 
1066.  These  bodies  are  formed  by  replacing  two  equiva- 
lents of  hydrogen  in  dianunonia,  bj  one  equivalent  of  a 
diatomic  acid  molecule. 

1087.  Pr^aration.  Ist  method. — They  differ  only 
from  the  neutral  ammonium  salts  of  the  dibasic  acids  by 
two  equivalents  of  water ;  they  can,  therefore,  be  pre- 
pared by  merely  distilling  these  salts. 

Ozamide  (oxalyl-biamide). 

,g§(!o.-'(il<')='Yi''- 

2nd  method. — They  can  also  be  prepared  by  treating 
the  neutral  ethers  of  the  dibasic  acids  with  an  excess  of 
ammonia. 

ig;0,);jo.  +  «H.N  =  <Y!^'+^(''H}«) 

3rd  method. — ^They  have  also  been  obtained  by  the 
action  of  ammonia  on  the  diaoid  anhydrides. 

4th  method. — *'It  is  x>robable  that  the  action  of  am- 
monia on  diatomic  chlorides,  under  appropriate  circum- 
stances, will  also  famish  them." 

1088.  Boiled  with  acids  or  alkalies,  they  fix  the  ele- 
ments of  water,  and  are  resolved  into  ammonia  and 
a  bibasic  add. 

^^'1?  }n.+  2(h}0)=^H:!0.  +  2H.N 

1089.  Many  of  tbem,  at  an  elevated  temperature,  evolve 
ammonia,  ana  become  transformed  into  secondary  amides 
(imides). 

1090.  Under  the  influence  of  nitrous  acid  they  dis- 
engage nitrogen,  and  are  transfonned  into  bibasic  acids. 
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1091.  These  bodies  are  obtained  by  the  same  processes 
as  the  primary  diamides,  employing  monamines  in  the 
place  of  ammonia. 

1092.  When  they  are  treated  with  acids  or  alkalies,  they 
are  decomposed  into  bibasic  acids  and  monamines. 

1093.  Tne  members  forming  the  group  of  secondary 
monamides  are  viewed  by  some  chemists  as  having  double 
the  formnls  there  assigned  them  (1002);  if  this  be  the  case, 
they  would  be  second^ury  diamides. 

1094  When  nrea  is  treated  with  the  chlorides  of  the 
monatomio  acid  radicals,  it  exchanges  one  equivalent 
of  its  hydrogen  for  one  equivalent  of  the  acid  radical ;  by 
this  exchange  it  becomes  converted  from  a  diamine  into  a 
diamide ;  these  urea-amides  hold  an  intermediate  position 
between  the  primary  and  seoondai^y  amides, — ^£x.,  acetyl- 


(cor  ) 
,c,h,o[n„ 


urea,  < 

^         '  BXBBCISB.* 

186.  Give  the  formulie,  and  state  how  you  would  pre- 
pare the  following  substances :  —  Butyryl-urea,  succin- 
amide  (succinvl-biamide),  biethvloxamide  (oxalyl-biethyl- 
biamide),  valeryl-urea,  oxalyl-biphenyl-biamide,  nial- 
amide (asparagin),  benzoyl-urea,  biphenyl-malamide  (ma*- 
ly  l*dipheny  1-biamide) . 

The  student  must  now  perform  the  following  exercisee 
— first  exercise,  165  (p.  394) ;  2nd  exercise,  162  (page  337). 
After  he  has  gone  through  these  exercises  he  commences 
the  study  of  the  tri-  and  tetra-amines. 
Tbbblb  Molbgulb. 
H.) 

H.i 
Tbiamines. 
1095.  We  shall  describe  under  the  head  of  triamines  not 
only  those  bodies,  but  also  the  triammonium  compounds. 


*  Aft  the  tertiary  diamidee  we  as  yet  little  known,  only  a  t&w 
hxnng  been  diaoovered,  we  ahall  paaa  tliem  over  witlioot  fturthac  notioe. 
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1096.  We  hs7e  seen  that  for  the  prodaotion  of  an 
(n  +  1)  atomic  ammonia,  n  diatomic  radicals  are  required, 
and  that  when  «  =  2  we  must  obtain  the  first  term  of  a 
series  of  triammonimn  oompouDds. 

1097.  Action  qf  dihromiae  of  eihjflene  on  ammonia  and 
ethylammonia. — Dr.  Hofmann,  in  the  course  of  his  re- 
searches, has  ascertained  that  the  volatile  bases  obtained 
by  the  action  of  dibromide  of  ethylene  npon  ammonia, 
consist,  after  several  rectifications,  almost  exclusively  of 
the  two  compounds,  diethylene-triamine,  and  triethylene- 
triamine.  These  two  amines,  when  separated  from  their 
salts  by  solid  hydrate  of  potash,  are  in  the  anhydrous 
state,  and  appear  as  oily  liquids;  they  are  nearly  colourless, 
and  rapidly  attract  carbonic  acid  from  the  atmosphere. 
"  It  deserves  to  be  noticed,  that  the  tendency  to  form  de- 
finite hydrates,  so  prominent  in  the  diamines,  is  not  met 
with  in  the  case  of  the  triamines."  We  have  already 
noticed  (1042)  that  the  triammonias  are  capable  of  forming 
three  classes  of  salts. 

1098.  Dr.  Hofinann  has  found  that  by  the  action  of 
dibromide  of  ethylene  on  ethylamine,  botn  diatomic  and 
triatomic  bases  are  produced.  Those  boiling  above 
200°  C.  aretwo  of  the  tnamine  series,  containing,  ot  course, 
both  monatomio  and  diatomic  radicals ;  these  two  bases 
aro  diethylene-trie^yl-triamine,  and  triethylene-triethyl- 
triamine :  these  bases  are  oily  liquids,  powerfully  caustic, 
extremely  soluble  in  water ;  they  boil  oetween  220°  and 
260°  C.  He  has  also  found  that  another  triamine  base  is 
formed  in  the  above  reaction;  this  base  is  diethylene- 
diethyl-triamine. 

1099.  Bosaniline. — Beautiful  colouring  matters  have, 
within  the  last  few  years,  been  obtained  by  treating 
aniline  in  various  ways.  These  colouring  matters  are 
known  to  the  public  oy  the  names  of  mauve,  roseine, 
fuchsine,  &c. 

1100.  To  Mr.  Perkins  belones  the  merit  of  first  isolat- 
ing and  producing  on  a  manufacturing  scale  that  violet 
colour  which  anilme  yields  when  treated  with  oxidising 
agents,  and  which  had  been  so  often  witnessed  and  em- 

floyed  as  a  test  for  aniline  in  scientific  laboratories.  Mr* 
^erkins  took  out  a  patent  for  this  dye  in  1866.  He 
directs  it  to  be  prepared  in  the  following  way : — A  cold 
^Itttion  of  sulphate  of  aniline  (rough  anilme  is  used)  im4 
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a  oold  solution  of  bichromate  of  potash  are  mixed  together 
and  left  for  ten  or  twelve  hours.  An  abundant  deposit  of 
a  blaek  powder  is  thus  obtained,  which  is  separated,  w^ 
washed  with  water,  and,  lastly,  dried  at  212°  F.  The 
dried  substance  is  then  digested  sereral  times  with  naphtha 
or  commercial  benaole,  which  dissolyes  a  brown  tarry  or 
resinous  substance,  contaminating  the  colouring  matter  gi 
the  deposit.  The  residue  insoluble  in  the  naphuia  is  dried 
again,  and  then  digested  with  wood  spirit,  or  alcohol, 
or  anj  other  liquid  able  to  dissolve  the  colouring  matter. 
This  clear  solution  is  decanted  and  distilled  to  recoyer  the 
solvent.  The  residue  of  the  distillation  is  the  mauve,  or 
aniline  violet.  The  composition  of  this  substance  does 
not  appear  to  have  beenyet  determined. 

1101.  In  1858,  Dr.  Hofmann  contributed  a  paper  to 
the  Boyal  Society,  entitled  "  Action  of  tetrachloride  of 
earbon  on  aniline.  In  this  paper  Dr.  Hofmann  described 
a  triamine  he  had  formed  oy  the  action  of  the  carbon 
chloride  on  aniline ;  this  base  he  called  carbo-tripbenyl- 
triamine ;  he  stated  that  the  formation  of  this  base  waa 
accompanied  by  that  of  a  colouring  matter  of  a  magnifi- 
cent crimson  colour.  Since  that  time  this  substance, 
which  goes  under  the  name  of  roeeine,  fdofasine,  &o.,  has 
been  produced  on  the  manufacturing  scale  by  the  action  oc 
a  variety  of  agents,— metallic  chlorides,  metallic  nitrates, 
and  numerous  oxidising  agents,— on  aniline. 

1102.  The  oompKMition  of  this  substance  has  rery  re- 
oently  been  investigated  by  Dr.  Hofbiann,  and  as  similsr 
substances  will,  no  doubt,  be  obtained  from  other  bases 
allied  to  aniline,  he  proposes  to  commemorate  the  origin  of 
thecomj>ound  in  its  name ;  he  accordingly  proposes  to  name 
it  roianUine.  Sosaniline  is  known  to  form  two  classes 
of  salts,  but  it  probably  forms  three  dasses,  like  other 
triamines.  The  two  classes  which  it  is  known  it  forms 
are  the  monacid  and  the  triacid  salts.  The  monacid  salts  are 
exceedingly  stable  bodies,  and  thej  exhibit*  for  the  most 
part,  in  refleeted  light,  the  splendid  metal-lustrous  green 
of  the  wiogs  of  the  rose*beeue ;  in  transmitted  light  the 
crystals  are  red,  becoming  opaque  when  they  acquire 
certain  dimensions.  The  solution  of  these  salts  in  water 
or  alcohol  possesses  the  magnificent  crimson  colour  for 
which  rosaniline  has  become  so  celebrated.  The  salts 
with  three  equivalents  of  acid  are  comparatively  instable^ 
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being  decomposed  br  tbe  action  of  water,  or  b j  exposnre 
to  212^ ;  they  are  yefiowish  brown  in  colour,  iJoth  in  the 
solid  state  and  in  solution.  The  monacid  salts  can  be 
prepared  either  b  j  the  direct  action  of  the  respectire  acids, 
or  by  submitting  the  ammonium  compounds  of  tbe  several 
acidls  to  ebullition  with  an  excess  of  the  free  base.  The 
formula  for  the  monochloride  is, — 

1103.  The  combustion  of  rosaniline  led  to  the  fonnula 
CmHi,N„H,0.  This  shows  that  the  crystals  which 
were  submitted  to  analysis  were  the  hydrate,  as  the  salta 
of  this  base  contain  no  oxygen.  The  crystallized  hydrate* 
in  its  pure  state,  is  absolutely  white,  but  its  solution  in 
alcohol  has  a  deep  red  colour ;  and  even  the  crystals,  when 
exposed  to  the  action  of  the  atmosphere,  turn  rapidly 
pink,  and  ultimately  dark  red,  and  no  perceptible  altera- 
tion of  weight  is  observed  during  this  change. 

1104.  "Wnen  rosaniline  is  submitted  to  the  action  of 
reduciog  agents,  such  as  nascent  hydrogen,  or  sulnhn- 
retted  hydrogen,  it  is  readily  attackea ;  a  new  base,  wnich 
Hofmann  has  desi^ated  leticaniline,  is  formed.  The 
formula  of  this  new  oase  ib  C»  Hn  N« ;  and  the  formula  of 
its  chloride  is,  when  dried  in  vacuo,  0»HnNs,  3JE[Cl,HsO» 
showing  that  the  chloride  retains  one  equivalent  of  water. 
Leucaniline  and  its  salts  are  white. 

1105.  Hofmaim  points  out  a  very  interesting  relation 
between  the  two  bases.  In  the  anhydrous  condition,  the 
two  bases  hold  to  each  other  the  relation  which  obtains 
between  blue  and  white  indigo. 

Eosaniline CjoHmN, 

Leucaniline C»HaiNs 

Blue  indigo CuHuI^sOs 

White  indigo       .        -       .       .    C„HaN,0, 

1106.  Leucaniline  is  readily  converted  into  rosaniline 
by  oxidizing  agents. 

1107.  We  may  observe,  in  conclusion,  that  the  changes 
which  accompany  the  formation  of  rosaniline  from  anilme 
are  still  unknown  r  but  Dr.  Hofmann  states  that  in  most 
of  the  processes  which  give  rise  to  the  rosaniline,  it  is 
accompanied  by  several  other  bases,  the  study  of  which  he 
has  not  yet  completed. 
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1108.  We  have  noticed  that  the  formatioQ  of  thejpoly- 
ammonias  may  be  accomplished  in  two  essentially  different 
ways ;  they  are  produced  either  by  increasing  in  the  same 
ratio  the  nnmber  of  polyatomic  radicals  of  given  atomicity 
as  the  number  of  ammonia  molecules  you  desire  to  co- 
alesce (this  was  the  plan  the  student  will  see  Hofinann 
followed  in  producing  the  triamines),  or  by  employing  a 
radical  of  the  atomicity  which  represents  the  number  of 
ammonia  molecules  which  it  is  desired  to  coalesce.  Hof- 
mann  adopted  this  second  plan  to  form  the  triphosphonium 
compouDds. 

1109.  When  iodoform  is  brought  into  contact  with 
triethyl-phosphine,  it  fixes  three  e^uiyalents  of  it,  the 
tri- iodide  of  formyl  -  nonethyl  -  triphosphonium  being* 
formed.  When  this  body  is  treated  with  oxide  of  silTer, 
the  trioxide  is  not  produced,  but  it  is  split  up  into  oxide 
of  metitiyl-triethyl-monophosphonium,  and  the  oxide  of 
triethyl-phosphine. 

BXBBCISB. 

187.  Write  out  the  formuls  of  the  following  sub- 
stances :— Trichloride  of  formyl-Donethyl-triphosphoniumy 
diethylene  -  triamine,  triethyleue  -  triamine,  diethylene  • 
trieihyl«triamine,  triethylene*triethyl-triamine,  diethylene- 
diethyl-triamine,  monacetate  of  rosaniline,  trinitrate  of 
leucaniline,  trinitrophenate  of  rosamline,  sulphate  of 
rosaniline,  oxalate  of  roeaniline. 

Tbiamidbs. 

1110.  The  triamidea  correspond  to  three  molecules  of 
ammonia,  and,  of  course,    they  can    be  divided    into 

Erimary,  secondary,  and  tertiary  bodies.  But  as  very 
)W  triamides  have  yet  been  produced,  we  shall  pass  them 
over,  just  observing  that  cyanuric  acid,  when  referred  to 
the  ammonia  type,  is  a  secondary  triamide,  and  its  ether 
is  a  tertiary  one. 

Cyanuric  acid        -        -       -       -^^^''^N, 
Cyanuric  ether      -        -       -        •  ;q  ^v  ?  Ng 
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1111.  We  shall  here  gire  a  short  outline  of  Hofmann's 
researeheft  on  the  tetrammoniam  compounds.  We  haye 
seen  that  for  the  production  of  an  {n  + 1)  atomic  ammonia, 
n  diatomic  radicals  are  required  (1022) ;  and  the  number 
of  molecules  of  diatomic  bromides,  and  the  quantity  of 
ammonia  inyolved  in  the  formation  of  these  comdez 
ammonias,  is  giren  in  the  general  equation  (1022).  We 
have  also  shown  that  if  «  =  3,  we  obtain  a  tetrammonium 
compound.  In  order  to  obtain  the  tetrammonium  bodies, 
Hofmann  first  acted  upon  ammonia  with  dibromide  of 
ethylene,  but  firom  the  number  of  bases  formed  he  was 
unable  to  obtain  the  tetrammonium  compound  pure; 
in  his  further  researches  he  therefore  employed  dieihyl- 
unine  and  ethylamine  in  place  of  ammonia.  When 
dibromide  of  ewylene  is  made  to  act  upon  diethylamine 
in  sealed  tubes,  tne  reaction  is  rapidly  accomplished,  both 
in  the  absence  and  presence  of  alcohol ;  three  ammonium 
bromides  are  formed,  -m.,  bromide  of  diethjlammonium, 
dibromide  of  ethylene  -  tetrethyl  -  diammonium,  and  the 
tetrabromide  or  triethylene-octethyl- tetrammonium. 
The  separation  of  these  tmree  salts  presents  no  difficulties. 
Liberated  by  oxide  of  silver,  and  su  omitted  to  a  protracted 
cnnent  of  steam,  the  mixture  of  bases  separates,  on  the 
one  hand,  into  diethylamine  and  ethylene  •  tetrethyl  • 
diamine,  which  nass  oyer  with  the  steam,  and  hydrate  of 
triethylene-octethyl-tetrammonium,  which  remains  behind. 
Hofinann  submitted  the  free  octethylated  base  to  liie 
action  of  iodide  of  ethyl.  This  treatment  gaye  rise  to  a 
beautifyiy  crystallised  iodide,  which  was  less  soluble  in 
alcohol  than  the  free  base  just  mentioned.  This  iodide 
was  tetra-iodide  of  triethylene-non-ethyl-tetrammoniiim. 
He  did  not  carry  the  ethjylation  any  further. 

1112.  When  dibromide  of  ethylene  is  made  to  act 
upon  ethylamine,  the  reaction  between  these  two  bodies, 
as  might  haye  been  etpeoted  from  the  number  of  unre- 
plaoed  hydrogen  equiyalents  in  ethylamine,  is  far  more 
complex  than  the  action  of  the  diatomic  body  upon 
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dietliTlainine.  Hie  acticm  is  npidlj  acoomplished  at 
100^  C.,  in  sealed  tubes.  The  crystalline  mass  which 
remains  on  eyaporating  the  product  to  d^neas,  ia  a 
mixture  of  six,  and  occasionally  of  seven  bromides,  yia.^ 
bromide  of  ethylammonium,  dibromide  of  ethylene - 
diethyl-diammomum,  dibromide  of  diethylene  -  diethyl  • 
diammonium,  tribromide  of  diethylene -triethyl- triam- 
monium,  tribromide  of  trieihylene-triethyl-triammonium, 
tetrabromide  of  pentethylene-tetrethyl-tetrammonium, 
tetrabromide  of  hezethy lene-telrethyl-tetrammonium.  The 
ammonias  corresponding  to  the  first  five  of  these  bromides 
are  all  volatile ;  there  is  therefore  no  difficulty  in  sepa- 
rating them  from  the  mixture  liberated  by  meana  of 
oxide  of  silver ;  and  submitted  to  the  action  of  steam, 
they  are  carried  over,  and  there  is  left  behind  a  powerful 
alkaline  liquor,  which,  in  most  cases,  Hofmann  found 
to  consist  exclusively  of  the  hydrate  of  pentethylene- 
tetrethyl-tetrammonium.  This  compound  contains  still 
two  equivalents  of  replaceable  hydrogen.  By  the  action 
of  iodide  of  ethyl  they  may,  Hofmann  states,  although 
with  diffictdty,  be  removed,  and  replaced  by  ethyL  He 
thus  obtained  successively  the  pentethylene-pent-ethyl« 
ated,  and  lastly,  the  pentethylene-hexethylated  tetram- 
monium. 

1113.  Hofmann  finds  that  hexethylene-tetrethyl-tetramr 
monium  may  be  obtained  in  a  state  of  purity  by  the 
action  of  dibromide  of  ethvlene  upon  ethylene-diethyl- 
diamine,  and  diethylene-diethyl-diamine. 

1114.  We  have  alreadv  noticed  that  Dr.  Hofmann 
has  proved  that  one  of  line  products  of  the  reaction  of 
tetrachloride  of  carbon  on  triethyl-phosphine  is  tetra- 
chloride of  carbo  -  dodeca  -  ethvl  -  triphosphonium.  For 
further  information  about  the  rormation  of  this  and  the 
other  product,  and  the  substances  into  which  they  are 
decomposed  b^  water,  we  must  refer  the  student  to  the 
original  memoir.* 
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188.  What  is  the  simplest  tetrammonium  compound 

*  "Action  of  triethjl'phomfaiiie  on  the  Babrthiition  oompoandB  of  mank 
(M."   ByDr.HoftiiMm.    "PzooeodmgsofBoyalSoeiety.'^Tol.  3d.,No.M. 
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which  oould  potBibly  be  formed  by  the  action  of  a 
diatomic  radical  upon  ammonia  P 

189.  Write  out  the  formal»  of  the  following  bodies  :*- 
Tetrabromide  of  triethylene-octethyl-tetrammoniom,  the 
hydrate  of  triethylene  octethTl-tetrammoninm,  the  tetra- 
iodide  of  triethylene-monethyl-tetrammonium,  the  hydrate 
of  pentethylene-tetrethyl-tetrammonium,  the  tetrabromide 
of  hexethylene-tetrethyl-tetrammoninm,  the  hydrate  of 
pentethylene-pentethyiated  tetrammonium,  and  the  tetra- 
chloride of  pentethylene-hexethyUted  tetnunmonium. 

1116.  Dr.  Yolhard  has  very  recently  succeeded  in 
obtaining  seyeral  ureas  of  the  tetramine  series.  By  acting 
upon  the  diohloride  of  ethylene-diammonium  with  cyanate 
of  silver,  he  obtained  a  new  crystalline  substance,  which 
he  designates  ethylene-urea.  It  has  the  following  com- 
position:— 

(CO)/  ) 

H.    ) 

When  boiled  with  a  yery  concentrated  solution  of  potassa. 
this  body  assimilates  the  elements  of  water,  and  splits 
into  carbonic  acid,  ammonia,  and  ethylene-diamine. 

1116.  When  cyanate  of  silver  is  treated  with  dibro- 
mide  of  ethylene-diethyl-diammonium,  the  diethylated 
urea  is  formed  :— 


1117.  "Cyanate  of  ethyl  acts  most  energetically  on 
ethylene-diamine.  If  the  cyanate  be  poured  into  ethylene- 
diamine,  each  drop  hisses  fike  red-hot  iron  plunged  into 
water.  The  mixture  solidifies  into  a  mass  of  needles, 
which,  when  recrystallized  from  water  or  spirit,  furnish 
the  new  compound  in  a  state  of  purity.  Ihe  substance 
thus  obtained  presents  the  same  composition  as  the  pro- 
duct of  the  action  of  dibromide  of  ethylene-diethyl-diam- 
monium  on  cyanate  of  silver,  via. : — 

C,HuN4  0, 

2h 
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1118.  "The  two  ureas,  however,  are  far  from  beinf 
identical.  The  urea  obtained  by  oombininf^  cjanate  <» 
ethyl  with  ethylene-diamine  is  easily  soluble  m  boiling 
water,  difficultly  soluble  in  cold  water,  even  leas  soluble  iu 
spirit,  and  almost  insoluble  in  absolute  alcohoL  It  fuses 
without  decomposition  at  201'',  solidifying  again  at  185"*. 
Thi«  body  is  altogether  indifferent.  I  did  not  succeed  in 
obtaining  a  platmum  salt  or  a  cold  salt  of  this  urea, 
while  the  isomeric  substance  oerived  from  ethylene- 
diethylamine  furnishes  botii  salts  without  difficult]^. 

1119.  "The  non-identity  of  the  two  bodies  is  thus 
sufficiently  established,  but  the  absolute  difference  in  their 
oonstruction  is  most  conspicuously  manifested  in  the 
products  of  decomposition  which  they  yield  under  the 
influence  of  the  alJcdies.  Treated  with  potash,  the  urea 
derived  from  ethylene-diethyl-diamine  and  cyanic  acid, 
yields  ethylene-diethyl-diamme  and  the  products  of  de- 
composition of  cyanic  ncid, — carbonic  acid  and  ammonia. 
The  urea,  on  the  other  hand,  which  is  fonned  by  die 
action  of  ethylene-diamine  on  cyanic  ether,  splits  into 
ethvlene-diamme,  and  the  derivatiyes  of  cyanic  ether, 
carbonic  acid,  and  ethylamine. 

1120.  "It  is  thus  evident  that  the  two  individual 
groups  of  elements,  the  union  of  which  gives  rise  to  the 
two  different  ethylated  ethvlene-ureas,  remain  as  Bach» 
unaltered  in  these  compounds."* 


APPENDIX  L. 


1121.  We  must  here  inform  the  student  that  a  great 
many  important  organic  bodies,  as  the  siu^ars,  staraies, 
gums,  essential  oils  not  containing  oxygen,  nave  not  been 
noticed  at  all  in  any  one  of  the  last  four  chapters,  although 
in  Uiese  chapters  organic  bodies  have  been  treated  of  to  a 
considerable  extent.  The  reason  why  they  were  omitted 
is  this, — we  cannot  as  yet  refer  them  to  any  type.  It  is 
possible  that  the  sugars  may  prove,  like  mannite,  to  be 
alcohols,  but  at  present  we  have  either  no  evidence,  or 
not  sufficient  evidence,  to  refer  these,  or  any  of  the  other 
important  bodies  I  have  named,  to  any  type. 

•  Dr.  Yolhard  *'  On  the  UreM  of  the  Diaminae."    «Pzooeadiiigt  of  the 
Bof  al  Society,"  toI.  zi.,  No.  44. 
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1122.  I  have  placed  at  the  end  of  the  book  a  series  of 
questions  on  chemistry  and  chemical  physics,  which  I 
haye  selected  from  the  published  examination  papers  of 
different  examiners.  I  reoonlkmend  the  student  to  write 
out  answers  to  the  questions  grouped  under  the  head  of 
chemistry,  before  he  passes  on  to  the  next  chapter. 


CHAPTEE  XI. 


OTHSB  VHSWS  ON  THB  C0N8T1TUTI0K  OF  BOBIBS. 

Wurts^s  views,  1127.  Dr,  Lyon  Phwfair's  views,  1136. 
Dr.  Franhland*s  views,  1140.  Dr,  Elbe's  views,  1170. 
Appendix  Jf  . 

1123.  The  student  has  already  been  made  aware  (pars. 
629  to  S33,  and  Appendix  B,  page  279)  that,  since  the  time 
Gerhardt  and  his  followers  first  propounded  the  theory 
"  that  the  molecules  of  all  bodies  occupy  two  volumes  in  the 
yaiK>urous  state,"  a  number  of  facts  have  been  discovered, 
wmch  renders  it  imperative  on  chemists  either  to  abandon 
that  theory,  or,  if  they  continue  to  adopt  it,  to  alter  the 
atomic  weights  of  a  large  number  of  the  elements.    Thus, 
in  two  gaseous  volumes  of  the  hydrides  of  the  alcohol 
radicals,  there  are  contained  one  atom  of  hydrogen  and 
one  of  the  compound  radical.    Now,  as  the  meUls  have 
hitherto  been  considered  the  strict  representatives  of 
hydrogen,  we  shotdd  expect  to  find  that  in  two  volumes 
ot  the  vapour  of  organo-meCallio  bodies  there  would  be, 
as  in  the  case  of  the  hydrides,  an  equivalent  of  metal, 
and  an  equivalent  of  the  alcohol  radiral ;  but  this  is  not 
the  case ;  in  the  two  volumes  of  these  bodies  there  are 
two  equivalents  of  metal  and  two  of  the  alcohol  radicals. 
Nor  is  this  difference  between  the  condensation  of  hydro- 
gen and  the  metals  confined  to  organic  compounds ;  it  has 
Been  ascertained,  from  taking  the  vapour  densities  of 
various  metallic  chlorides,  that  the  metals  in  various 
chlorides  are  in  a  more  condensed  form  than  the  hydrogen 
in  hydrochloric  acid ;  therefore,  if  we  admit  that  the 
molecules  of  all  sabstanoes  occupy  two  volumes  in  the 
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gaaeons  state,  and  if  the  reasoninff  which  has  led  chemists 
to  double  the  atomic  weight  or  oxygen  be  correct,  the 
same  reasoning  mnst  lead  us  to  double  the  atomic  weights 
of  the  greater  number  of  the  elements. 

1124.  These  reasons  have  been  very  ablj  set  forth  bj 
Dr.  Wolcott  Gibbs,  in  a  paper  which  appeared  in  the 
American  Journal  of  Science:  this  pa|>er  I  hare  aren 
almost  in  its  entirety.  That  part  of  it  which  r^tes 
to  the  doubling  of  the  atomic  weights  of  other  elements 
besides  carbon,  oxygen,  and  sulphur,  is  given  in  Appendix 
B,  page  279.    Since  that  part  of  my  work  was  in  print*  a 

Saper  by  Wurtz  on  the  same  subject  has  appeared  in  tiie 
oumal  qf  the  Chemical  Society  qf  London;  *  the  title  of 
the  paper  is  "  On  Oxide  of  Ethylene,  considered  as  a  link 
between  Organic  and  Mineral  Chemistry."  The  object 
of  the  paper  is  to  prove  that  the  present  atomic  weights 
of  Ba,  Sr,  Ca,  Mg,  Mn,  Fe,  Zn,  Cd,  On,  Pb,  Hg,  8n,  Ac, 
ought  to  be  doubled.  He  first  proves  that  the  new 
atomic  weights  accord  better  than  any  other  with  tJke 
atomic  heats  qfthe  elements,  with  the  laws  ofisomorpkism, 
with  the  vapour  densities  of  a  great  number  of  bodies ; 
these  physical  proofs,  with  the  exception  of  isomorphism, 
have  been  given  in  Gibbs'  paper.  He  then  aaduoee 
purely  chemical  proofs :  he  shows  that  the  oxides  of  the 
metafs,  the  atomic  weights  of  which  he  proposes  to 
double, — and  if  they  are  doubled,  the  metals  become  di- 
atomic,—resenible  in  their  chemical  properties  the  oxide 
of  the  diatomic  radical  ethylene,  he  shows  that  thery 
iresemble  oxide  of  ethylene  in  the  formation  of  their 
hydrates,  in  the  formation  of  their  neutral  and  basic 
salts,  in  the  formation  of  oxy chlorides,  oxyfluorides,  in  the 
formation  of  diammouium  conmounds,  &o. ;  whereas, 
oxide  of  silver,  and  the  oxides  or  the  other  metals  which 
are  considered  monatomic,  do  not  resemble  oxide  of  ethy* 
lene,  but  resemble  the  oxides  of  the  monatomic  alcohol 
radicals  in  liieir  chemical  properties;  therefore,  as  the 
oxides  of  Ba,  Pb,  Cu,  &c.,  resemble  in  their  chemical 
deportment  the  oxide  of  the  diatomic  radical  ethylene, 
those  metals  must  be  diatomic,  and,  consequently,  their 
atomic  weights  must  be  doubled. 

1125.  As  JOr.  Wolcott  Gibbs  did  not  adduce  any  reasons 

•  VoL  XT.,  p.  887. . 
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derired  ham  the  oHemical  deportment  of  tlie  bodies  for 
doabling  their  atomic  weights,  1  hare  thought  it  neeessarj 
to  place  in  a  condensed  £rm  the  paper  of  Wnrtz  before 
the  student,  as  the  question  of  atomic  weights  and  the 
constitution  of  bodies  is  a  most  important  one. 

1126.  Dr.  Lyon  Playfair,  Dr.  Frankland,  and  Dr. 
Kolbe,  have  each  proposed  views  on  the  constitution  of 
bodies  which  differ  from  tibose  adopted  by  G^erhardt  and 
his  followers :  these  views  are  brought  before  the  student 
in  the  present  chapter. 

^  1127.  l%e  views  qf  Wurtz.  —  Oxide  of  ethylene  can 
displace  magnesia,  alumina,  ferric  oxide,  and  cupric  oxide, 
from  their  acid  combinations;  it  has,  therefore,  strong 
basic  properties. 

1128.  ]Now,  as  the  radical  in  oxide  of  ethylene  is  di- 
atomic, the  question  arises.  Are  there  any  metallic  oxides, 
the  metals  in  which  are  diatomic  P  He  considers  that  the 
atomic  weights  of  Ba,  Sr,  Ca,  Mg,  Mn,  Fe  (ferrosum), 
Zn,  Cu,  Pb,  Hg,  &0.,  are  double  those  which  are  com- 
monly assigned  to  them,  and  therefore  they  become  di- 
atomic; consequently  their  oxides  correspond,  or  are 
comparable  with  oxide  of  ethylene.  The  arguments  which 
Wurtz  adduces  in  support  of  the  view  that  these  metals 
have  double  the  atomic  weight  usuaUy  assigned  them,  we 
will  presently  lay  before  the  student ;  but  we  will  first 
contrast  the  atomic  weights  of  Berzelius,  Gerhardt,  and 
those  proposed  by  Wurtz,  for  a  few  of  the  elements : — 


KaiDM  of  dements. 


Silicon 

Tin  - 
Barium     • 
Strontium 
Calcium    • 
Magnesium 
Manganese 
Iron 
Zinc 
Cadmium  - 


Atomic  weights,  referred  to  1  of  hydrogen. 


BeneUos*. 

Geriuurdt's. 

/  44-4,fof  X 
(which  =  28; 

28- 

117-6 

68-76 

1368 

68- 

87-3 

43-8 

40-2 

20- 

26- 

12 

661 

27-8 

66*1 

28- 

66- 

326 

111-4 

66-7 

Kew. 


118- 
136-8 
87  3 
40- 
24* 
66-6 
66- 
66- 
111-4 
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KamMofelAmanto. 

Atomio  wmglita,  x«f«mdto  1  of  hydrogot. 

B«neUiu'. 

Gerhaidt'f. 

New. 

Mercury  - 

63-3 
207- 
200-2 

31-5 
103-5 
100- 

63- 

207- 
200- 

IIP 

216-6 
78-3 
46-5 
13- 

108 
39 
23 
6-6 

108 
39 
23 
6-6 

1129.  For  a  considerable  number  of  the  metals,  the 
new  atomic  weights  and  those  of  Berzelius  correspond* 
being  double  those  proposed  by  Gerhardt;  therefore,  the 
new  formulBB  for  the  oxides,  &c.,  of  these  metals  are 
identical  with  the  old  formulss  of  Berzelius:*  he  wrote 
BaO;  BaS;  BaO,H,0;  BaCl,;  BaSO*,  &c  Were- 
tum  to  these  formulss,  but  we  a^ee  with  Gbrhardt  in 
writing  KaO;  K.S;  KHO;  KCS;  K.SO*.  &c. 

1130.  The  new  atomic  weights  correspond  with  those  of 
G«rhardt  for  the  metals  Ag;  K ;  Na;  Li :  these  metals 
are  monatomic,  and,  therefore,  comparable  with  hydrogen. 

1131.  The  new  system  of  atomic  weights  accords  better 
than  any  other  with  the  physical  data  which  serve  to 
control  the  determination  of  the  relative  weights  of  the 
atoms.  In  fact,  the  numbers. in  the  last  column  are 
identical  with  those  desiffnated  by  M.  Begnault  as 
"thermic  equivalents."  lliermic  equivalents  are  fully 
considered  in  Chapter  XIII;  on  that  account-we  ahall 
not  now  enter  more  fully  upon  the  subject. 

1132.  In  the  next  place,  the  new  system  of  atomic 
weights  is  in  harmony  with  the  law  of  isomorphinn,  which 
requires  that  isomorphous  bodies  be  renresented  by  ana- 
lojgous  formulsB.  Thus,  cuprous  sulphiae  is  isomorphous 
with  sulphide  of  silver  (see  par.  265),  and  these  two 
bodies  have  in  the  new  system  analogous  formula,  via., 
AgaS  and  CuaS;  whereas,  by  the  formula  assigned  to 
tli^m  by  Gerhardt,  they  had  not  an  analogous  composi- 


•  See  pw.  277. 
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tion ;  ihuB,  Ags  S,  Cn^  8.  Again,  on  the  new  system,  the 
sulphates  of  silver  and  of  sodium  are  represented  by 
aniuogons  formal»,  S  Agt  O4  and  8  Na,  O4.  The  isomor- 
phons  sulphates  of  the  ma^esian  series  (see  Group  x., 
page  161)  are  expressed,  m  the  new  system,  by  the 
formulA,— 

SM04  +  7H,0» 

And  the  composition  of  the  double  sulphates  of  the  same 
series  (see  Group  x.)  is  represented  by  the  formula, — 

8M04,8R,04-|-6H,0. 

1133.  The  new  atomic  weights  are  in  harmony  with  the 
vapour  densities  of  a  very  considerable  number  of  bodies. 
The  exceptions  observed  relate  to  the  vapour  densities  of 
certain  elementary  bodies.  Thus  the  atomic  weights  of 
phosphorus,  arsenic,  mercuiy,  zinc,  and  cadmium,  calcu- 
lated from  their  vapour  densities,  do  not  agree  with  those 
which  are  deduced  from  other  considerations.t  But 
these  cases  may  be  regarded  as  exceptional,  as  the  vai>our 
densities  of  the  larger  number  of  the  compounds  into 

*  A  larice  number  of  ults  oontain  oaantitiefl  of  water,  whioh,  in  Oerhardt'f 
nototion,  moat  be  represented  bj  •  fractional  number  of  moleoolea  (H.  O  s 
IS).  Kow  Uu8  inconvenience  is  obviated  if  we  doable  the  atomic  weit;hte  of 
a  certain  nmnber  of  the  metals.    We  select  one  oat  of  manj  examples:— 

Oerhardt's  notation.  New  notation. 

Ni01  +  4iH,0  Ki*<Cl. +  0H|O. 

t  The  atomic  weichts  of  the  elementary  bodies  (referred  to  one  volame) 
are  obtained  by  midtipljing  their  vapour  densities  by  14*44  es  ^vHy ;  ^nd 
the  molecular  weights  (referred  to  two  vdames)  are  obtained  by  multiplying 
the  vapour  densities  by  28*88  =  TrpHr*     ^^^  °^  multiplying  the  VM;K>ar 


densities  of  mercury  (6*076)  and  of  cadmium  (8*94)  by  28*88,  we  And  the 
nombers  201*4  and  113*7;  and  the  anomaly  exhibited  by  these  metals 
mav  be  expressed  by  saying  that  their  molecular  weights,  such  as  are 
deanced  from  their  vapour  densities,  really  represent  their  atomic  weights 
(900=s  Hg:  111*6  =rCd).  On  the  other  hand,  if  we  multiply  the  vapour 
densities  of  phosphorus  (4*42)  and  of  arsenic  (10*6)  by  14*44,  we  obtain  the 
numbers  63*8  ana  163,  an  anomaly  which  may  be  expressed  by  saving  that 
the  atomie  weights  of  these  bodies,  as  deduoea  firom  their  vapour  densities, 
really  express  their  molecular  weights  (F^P  »  63 ;  As  As  » 160) .— (  WwrU.) 
The  specific  gravity  of  several  of  the  polyatomic  elements,  ana  also,  as  we 
have  noticed,  of  the  diatomic  radicals  of  the  ethylene  fr  mily,  is  only  one-half 
that  of  their  atomic  weights;  they  therefore  resemble  compound  bodies  in 
this  respect  (see  par.  120).  Thev  do  not  appear  to  conform  to  the  same  law 
as  monatomic,  elementa^,  and  compound  zadicals,  and  which  Gtorhardt 
applied  both  to  polyatomic  and  monatomic  radicals ;  for  their  elements  in 
the  free  state  do  not  appear  to  be  united  in  pairs,  like  the  monatomic 
elements :  consequently  tAeir  combining  atom  and  their  mnliHWilar  atom 
must  be  the  same.— B.  0-. 
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which  these  elements  enter  are  in  aoooidance  witii  their 
atomic  weights.* 

1134.  If  we  adopt  the  new  atomic  weights,  and  tlnu 
lender  the^  metals  we  have  named  diatomic,  oxide  of 
ethylene ^ecomes  the  analogue  of  these  oxides;  as  oxide 
of  ethyl  IS  the  analogne  of  the  oxides  of  the  monatomie 
metals,  and  oxide  of  glyceryl  is  the  analogne  of  the  ter- 
atomic  metals.    Examples:— 

1135.  We  will  now  contrast  the  chemical  deportment 
of  oxide  of  ethylene  with  the  chemical  deportment  of  the 
oxides  of  these  diatomic  metals. 

Ist.  Oxide  of  barium  is  capable  of  combining  with 
oxygen,  and  forming  with  it  a  binoxide.  Oxide  of  ethy- 
lene is  also  capable  of  combining  with  oxygen,  but  the 
combination  taxes  place  under  different  conditions  to 
that  of  Ba"  O  and  O,  and  the  compound  produced  is  acid, 
and  not  neutral,  like  binoxide  of  oarium.  The  oxidation 
of  oxide  of  ethylene  takes  place  in  contact  with  nlatinum 
black ;  the  compound  formed  is  glycolic  acid.  Glyoxylic 
acid  may  be  regarded  as  a  still  higher  oxide.  We  may 
therefore  construct  the  following  series : — 

C1H4 ethylene 

0}  H4  O  •        -        -        •        •  oxide  etiiylene 

CjH^O, glycolic  acid 

CH^Ot glyoxylic  acid 

There  are  other  series  of  the  same  kind  in  organic 
chemistry,  and  there  are  also  similar  series  in  mineral 
ohemistiy,  as  shown  by  the  following  examples : — 

CIH PH, 

CIHO PH.O, 

CIHO, PH,0, 

CIHO, PH,04 

CIHO4 

•  8««  Appendix  B.  1,  page  280. 
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2nd.  Oxide  of  barium  xmites  directly  with  water, 
forming  hydrate  of  baryta.  Oxide  of  ethylene,  in  like 
manner,  lA  capable  of  fixing  water,  glyool  (hydrated  oxide 
of  ethylene)  being  produced.  There  ia  a  parallelism 
between  the  hydratea  oxides  of  the  oomponnd  radicals  in 
organic  chemistry,  and  the  hydrated  oxides  of  the  metals. 
Examples : — 

Potaats.  Baijtft.  Antimoiiio  hydnte.      Ferriohydr^ 

TinioaloohoL  Glycol.  O^eerin.  ^^(Sm^L?***^ 

C.H.j<j     (C.HO"jo.    (CHO'-fo.      (^'•gf  jo. 

Not  only  can  Ofi0,  bat  even  two,  three,  four,  ^ve,  or  more 
molecules  of  oxide  of  ethylene  can  combine  with  one  mole- 
cule of  water,  these  more  complex  hydrates  forming  tibe 
Slyethylenic  alcohols,  which  haye  already  been  noticed 
ige  348).  They  ma^  be  regarded  as  resulting  f^m  the 
partial  dehydration  oi  an  increasing  number  of  molecules 
of  glycol : — 

l>i«thjl6iuoa]oo]ioL 

2(^'gJoJ-.F.O  =  c!H!|o, 

Triethylenio  ftlcohoL 
Tetrettijlenio  aIooIioL 

4(^H  1  o.)-3h.o=c!h!Co. 

This  property  of  acoamolating  in  oombinatioii  is  not 
peooliar    to .  ethjlene.     Amongst  the  organic  radicals, 

•  Ffe  ■  F«.  » 111.  t8Mpar.Hl. 
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acetyl  and  glyceryl  have  already  been  found  to  pooeas 
it :  of  the  compound  radicals  in  mineral  chemist]^,  «si- 
phutylt  chramyl,  and  pkoaphoiyl  possess  the  property. 
£)zamples :«» 

NordhavBen  Chromateof  Fyropbosplftario 

•olphorio  acid.  potash.  add. 

SO,)  CrO,)  (PO)'") 

SO.JO,  CrO.jO,  (POrjO. 

Of  the  elementary  bodies  which  possess  the  property  of 
accnmnlating  a  number  of  atoms  in  one  and  the  same 
molecule,  W  urtz  selects  tin  and  silicon,  both  tetratomic 
elements. 

The  formula  for  iiannic  hydrate  in  p^  ?•  O4.    It  loeea, 

when  dried  im  vacuo,  an  atom  of  Ht  O,  and  is  thus  changed 

into  a  hydrate  of  this  composition,  ^  >  O^.    The  formula 

for    metastannio    hydrate    is,    according    to    Fremy, 

^  H*  I  ^»-    'A.t  100*0.  it  gives  off  one-half  its  water, 

and  by  this  loss  becomes  converted  into  a  hydrate  having 

this  formula,  ^^^^[Ou. 

In  ihe  following  table  of  silicic  acid,  the  formn]a 
ranged  on  the  same  horizontal  line  afford  examples  of 
continually-increasing  condensation,  whilst  those  in  the 
same  vertical  column  represent  the  hvdrates,  or  rather 
anhydrides,  formed  successively  by  uie  loss  of  a  oon- 
tinually-inoreasing  number  of  molecules  of  water. 

H.|0'    IJO-    |i]<>"    hJO-    "    H-JO- 

ri.|o.  h:!o»  I:.|ou  g*jo„  „  .. 


Si 


ah  £io.  z\°' 

iilo.  ^\o.  i;|oj 
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Sis  I  O      ^^  I  O 

Si.  I  o      8u  )  Q  Si.  )  Q  , 

H,  i  ^^     He  1  ^"    "    H.  1 "" 

Komua  aOidc      nv-*:*-        i»..^i;*^         t^^^  Felspar  (or- 

a:       )        Si,)  Sia    )  Si,    )  Sie 

(C,H.),J       g^  ^        >2M'i  2M'J  K. 

OUniie.  Biopod*. 

Diethylioiilioate.    IDiethyUo  dinfioftte. 

(C.H.).|^«    (C.h!),!^' 

We  see,  then,  that  this  theory  enables  us  to  conoeire, 
and  even  to  predict,  the  existence  of  a  very  large  number 
of  silicates,  and  that  it  was  not  wiUiout  reason  that  these 
oomponnds  have  received  the  epithet  polydUdc,  Their 
oonstitution,  and  the  formnlce  widoh  represent  them,  are 
not  always  very  simple,  and  cannot  oe  so  in  a  great 
number  of  cases;  but  that  which  is  reallv  simple  and 
rational  is  their  mode  of  generation,  basea  on  the  prin- 
ciple of  the  aecutnulaiian  of  polyatomic  radicals^ 

3rd.  Oxide  of  ethjrlene  combines  directly  with  adds, 
forming  salts  (ethylenic  eiders).  We  have  already  noticed 
that  it  can  combine  with  one  or  two  atoms  of  acetic  acid ; 
when  it  is  heated  along  with  acetic  anhydride,  the 
diacetate  is  produced.  It  resembles  oxide  of  lead  in  this 
capability  ot  combining  with  one  or  two  atoms  of  acetic 
add: — 

*  These  oompoonds  of  tin  and  sOioon  do  not  appear  to  me  to  be  parallel 
examples  with  those  of  the  polyethjlenic  bodies,  li  we  examine  the  formoliB 
of  the  dlioon  oompoonds  ranged  on  the  same  horisontal  line,  we  see  it 
is  dooblinff  or  treoling,  &e.,  of  the  entire  hydrated  moleoole,  not  of 
the  oxide  of  siUoon ;  or,  if  we  take  the  yertioal  oolomn,  the  hydrogen  and 
oxygen  deoreaae,  wfaibt  the  qnantttr  of  silicon  remains  constant :  whereas. 
In  the  polyathylenic  it  is  oxldb  of  etnylene  which  aoonmolatee ;  the  qnantity 
of  hyarogen  remains  oonstaat,  but  the  qnantity  of  ethylene  and  oxygen 
increases.— B.  O. 
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]CoiiM0Utoof«Ui7l«iM.  (8oealled)BitMsieaMtat6oriMd. 

C,H.OV  O,  C,H,0  V  O,  +  H,0 

H     )  H      ) 

Duuwtate  of  ethytoM.  ]>ieetat«  of  iMd  (sagar  of  letd). 

i&K)i^'  (oXo)>-  +  «=-« 

Bat  the  aiudoffj  between  oxide  of  ethylene  and  the 
ocdde  of  lead,  and  also  the  oxide  of  copper,  does  not  end 
here.  There  are  basic  salts  of  lead  and  copper ;  that  i8» 
aereral  molecules  of  oxide  of  leader  oxide  ot  copper  can 
nnite  with  acetic  and  other  acids,  and  there  are  basic  salta 
of  oxide  of  ethylene,  for  polyethylenic  acetates  are  salts 
of  this  description. 

'DioiiijlMiio  tcotate.       Dicnprio  MMtiito.  mtroM-nitnto  oHemL 

(C.HJ'    )  Cn'      7  fK  1 

(C.H,0).)         (C.H.O).i  ^^^^ 

TriethjlMio  tcotate.      Trioaprio  woeUAB.  Triplnmbio  acetate. 

(C.H.O),i^*    (C.H.O)J^*      (C.H.O),l^*  +  ^^«^ 

These  basic  salts  owe  their  existence  and  formation  to 
the  tendency  possessed  by  polyatomic  radicals,  both 
simple  and  compound,  of  accumulatinff  in  combinations. 
We  are  not  acquainted  with  any  well-defined  basic  salts 
formed  by  the  union  of  monobasic  acids  with  oxides 
of  potassium,  sodium,  lithium,  and  silver ;  and  the  power 
of  forming  basic  salts,  possessed  by  most  other  oxides, 
may,  perhaps,  be  altoffetner  dependent  on  the  polyatomic 
nature  of  their  metaUic  radicals.  The  following  fkcts, 
howerer,  exhibit  this  polyatomicity  in  a  still  dearer 
li^. 

yWe  hare  already  noticed  that  the  two  atoms  of  acid 
with  which  oxide  of  ethylene  is  capable  of  uniting,  can  be 
two  different  acid  radit^ls ;  there  have  also  been  formed 
salts  of  the  oxides  of  the  diatomic  metals  barium  and  stron- 
tium, in  which  the  two  atoms  of  acid  are  different;  in  this 
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respect,  therefore,  oxide  ethylene  and  the  oxides  of  bariom 
ana  strontimn  correspond. 

Aoeto-bnlijrio  intro-ao«Utd  ITitro-Metato 

glycoL  of  strontiam.  ofbarinm. 

;C.HJ"   )  8r"    )  Ba'     ) 

;C,H.O)[0,       C.H.0[0,        C,H.O    O, 
:C,H,0))  NO.     )  NO,     ) 

In  these  compounds,  the  diatomic  radicals— ethylene, 
strontium,  and  barium — ^perform  exactly  the  same  fimc- 
tions  as  the  diatomic  radical  of  tartaric  acid  in  Bochelle 
salt ;  and  the  existence  of  the  aceto-nitrate  of  strontium* 
and  the  similar  salt  of  barium,  affords  as  strong  an  argu- 
ment in  favour  of  the  double  atomic  weight  of  these  metals, 
as  that  which  was  deduced  by  Liebig  from  the  existence  of 
BocheUe  salt,  for  doubling  the  formula  of  tartaric  acid. 

4th.   Oxide  of  ethylene  unites  directly  with  hydro- 

chloric  acid,  forming  monochlorhydric  glycol,     H  >  O : 

Cli 
we  know  no  metallic  monochlorhydrins,  but  a  sulphurio 

monochlorhydrin,     -q'  ^  0„  is  known ;   and  there  are 

01 
scTeral  well-defined  flaorhydrins  (oxyfluorides)  known. 
Orystallised  oxyfluoride  of  copper,  the  formula  or  which  is, 
if  we  adopt  the  old  atomic  weights,  Ou  Fl,  CuO,HO, 
becomes,  if  we  adopt  the  new  atomic  weights  for  oxygen 
and  copper.  On'  O,  H  Fl :  this  compound  stands  in  the 
same  ration  to  cupric  hydrate  as  monochlorhydric  glycol 
to  glycoL 

Caprie  hydtwU.  OljooL 

Fl  CI 

The  polyethylenic  alcohols  form  chlorhydrins ;  and, 
Bose  has  described  a  compound  of  hydrate  of  lime  and 
chloride  of  calcium,  to  which  he  has  assigned  the  follow- 
ing formula,  3  CaO,  CaCl  +  16  H  O ;  employing  the  new 
atomic  weights,  this  formula  becomes  3  Ca'  O,  Ca'  Gl« 
16  B^  O,  and  may  be  written  as  follows :— 
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DiebloriiTdxin  of  tetee- 
thylemo  alcohol. 


Ca)  c\lCS 

01,  a 

Oxychloride  of  lead,  2  Pb  O,  Pb  Cl„  and  oxychloride  of 
copper,  8  Ou  O,  CI  Cl^,  possess  an  analogous  oonstitation. 

Tne  typical  hydrogen  in  monochlorhydrin  can  be 
replaced  by  an  acid  radical.  Dr.  Simpson  has  formed, 
for  instance,  aceto-chlorhydrio    glycol,  which  may  be 

formulated  ^^> /q' ;g  q)  (  O ;  or,  more  simply,  thuB, 

CI 
(OHO)  \  CI  ^^^  ^'^  certain  mineral  compounds  of 
analogous  constitution,  excepting  that  in  place  of  acetyl 
they  contain  polybaric  radicals.  Thus,  Wa^^nerite  and 
ApaHte,  which  are  well-characterised  mineral  species,  are 
fluophosphates  of  magnesium  and  calcium,  to  which  may 
be  assigned  the  formmse, — 

PO.SMgO  +  MgFland3(PO.,3CaO)  +  CaFl 
whieh^  in  the  new  notation,  become — 

Wagnerite  and  apatite  are,  in  fact,  the  phosphofluor- 
hydrins  of  the  hyc&ates,— 


''^'■]o-^'^^'-''}o. 


And  here,  Wurta  observes,  we  have  occasion  for  an  im- 
portant remark.    Ordinary  phosphoric  add,     VL     \  ^*» 

requires,  to  saturate  it,  more  than  one  atom  of  magnesium 
(Mg'  =  24);  but  two  atoms  of  this  magnesium,  which  are 
eqmyalent  to  four  atoms  of  hydrogen,  are  too  much  for  the 
purpose ;  it  would  therefore  be  supersaturated  if  tiie  fourth 
combining  unit  of  the  group  2  Mg',  were  not  saturated 
by  the  fluorine.    The  same  reasoning  appliea  to  apatite 
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and  the  calcium  contained  in  it.  We  see,  therefore,  that 
in  these  compounds,  whose  constitution  appears  so  strange 
when  regarded  from  the  dualistic  point  of  view,  the 
fluorine  or  the  chlorine  plays  an  important  and  necessary 
part.  I  may  add,  that  the  presence  of  such  a  monatomic 
element  in  these  compounds  furnishes  an  argument  in 
favour  of  the  diatomicity  of  magnesium  and  of  c^cium.  If 
magnesium  were  monatomic,  the  fluorine  would  be  useless, 
for  3  Mg  (Mg  ^  12)  could  replace  3  H  in  ordinary  phos- 
phoric add.  Bat  the  magnesium  or  calcium  being 
diatomic,  and,  therefore,  of  even  atomicity,  tiie  presence 
of  a  monatomic  element  becomes  necessary  to  fiU  up  the 
uneven  atomicity  of  the  phoaphorvl  (P  O)".*  Other  com- 
pounds may  likewise  be  regarded,  from  this  point  of  view. 
5th.  We  have  already  seen  that  one  atom  of  ethylene 
and  two  atoms  of  ammonium  unite  together,  forming 
ethylene  -  diammonium.  Now  cu^ric  ammoniums  are 
known,  and  they  have  had  the  followmg  formuka  assigned, 
thus: — 

Cnpriooniom.  Amioapriooninm. 

Cu  rCu 


"i 


Now  if  we  admit  that  copper  is  a  diatomic  metal,  these 
formulsD  must  be  doubled,  and  then  they  become  analogous 
in  composition  to  ethlyene-diammonium,  thus  :— 


Oxide  of  ethylene  also  enters  into  direct  combination 

*  H.  OamuBBsro  adduces  another  obemioal  argtunent  in  farow  of  the 
diatomioitj  of  caloiam  and  barium,  namely,  tliat  whereas  there  exista 
'  toalate  of  potawinm,  we  are  not  acqnaanted  with  a  qoadrozakte  ot 


oalloiom  or  barium.  In  fact,  a  single  atom  of  hydrogen  in  two  molecules  of 
ozaUe  add  may  be  replaced  by  an  atom  of  potassiam,  but  no(  by  an  atom  of 
diatomic  caloiam,  which  is  eijniyalent  to  two  atoms  <n  hydrosen.  If,  then, 
a  portion  of  the  hydrogen  in  two  molecules  of  oxalic  addla  replaeed  bj 
csJcium  or  barium,  the  result  of  the  substitution  can  only  be  a  MnoTalatifl. 
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with  ammonia,  fonniDg  another  olara  of  bases,  called  o«y* 
et^lenic,  Wurte  oonsiders  the  base  obtained  by  Millon, 
by  the  action  of  ammonia  on  meronric  oxide,  as  analogous 
to  the  oxyethylenio  bases. 

1136.  Jbr.  Zyon  Plavfair's  meiot.*— According  to  the 
▼lews  of  Gerhardt  ana  his  followers,  a  salt  is  consti- 

tttted  on  the  type  of  water,  xr  ^  Oti  in  which,  sometimes, 

an  electro-positiye  body,  like  potassium*  may  subatitate 
one  eqaiyalent  of  hyc&ogen;  while  an  electro-n^^tiTe 
radicaTmay  substitate  the  other  equivalent,  as  in  the 

case  of  sulphate  of  potash,  g  q  >  Ot,  or  nitrate  of  soda, 

Na    )  " 

NO  \^*'    These  electro-negatiye  radicals  are  assumed 

to  exist  in  these  salts,  and  in  the  hydrated  adds  which 
constitute  them,  and  in  many  cases  are  not  known  in  a 
aenarate  state.  Dr.  Lyon  Playfair,  in  a  communication 
wnich  he  made  to  the  British  Association  at  Oxford,  at  its 
last  meeting  there,  proposed  another  yiew  of  the  consti- 
tution of  neutral  salts.  It  is  to  be  observed  that  on  the 
water  type,  neutral  salts  are  supposed  to  be  constructed 
on  a  type  of  the  most  highly  basic  oxides,  such  as  potaah, 

^  >  0|.    The  oxide  selected  by  Dr.  Playfair  for  the  type 

of  neutral  salts,  is  the  neutral  peroxide,  M  Os,  such  aa 

peroxide  of  hydrogen,  q  (  H,  or  peroxide  of  manganaae, 

9  ^  Mn,  oxides  which  are  neither  basic  nor  acid,  exoqpt 

in  a  few  cases,  such  as  sulphurous  acid  and  carbonic  acid, 
where  the  element  uniting  with  oxygen  is  either  strongly 
electro-negatiye  in  itself;  or  feebly  so.  In  forming  a 
neutral  salt,  this  chemist  supposes  that  part  of  the  electro- 
negatiye  oxygen  may  be  replaced  by  the  well-known 
electro-negative  anhydrides,  and  that  the  electro-positive 
hydrogen  may  be  replaced  by  an  electro-positiye  basyL 
According  to  this  view,  the  aoove  salts  would  be  written 

on  the  type  peroxide  of  hydrogen,  q  [  H>  and  nitric  acid 

•  Dn.  Playfair,  Franklaiid,  ud  Kolbo  eaeli  eanjUaj  the  old  atonuo  wmgbfm. 
Dn.  Pnnkkad  and  XoUm  doubla  tiie  atom  of  oarbonie  aoid  and  aiilpttarie 
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beoomeB  ^  (\  (  ^ ;  while  nitrate  of  potasb  u  ^  q  |  K. 

He  also  conceiTes  that  hydrates  are  trae  salts,  hydrate  of 

potash  being  ^  q  r  ^  >  <^^  ^^  follows  from  this  view  that 

the  molecxdes  of  free  protoxides  are  slso  M  O,  M  O,  like 
a  peroxide,  M  O,  O.  In  support  of  this  view,  it  is  ne- 
cessary that  decompositions  should  be  at  least  as  simply 
expressed  by  it  as  by  the  former  view,  and  that  there 
should  be  instances  shown  in  which  oxygen  may  replace 
an  acid  in  a  salt,  and  where  an  acid  may  replace  oxygen 
in  an  oxide.  As  an  example  of  oxygen  substituting  an 
acid  in  a  salt,  we  hare  the  reaction  used  by  bleachers  in 
recovering  oxide  of  manganese,  after  making  chlorine. 
They  convert  the  chloride  of  manganese  into  a  carbonate, 
and  heating  it  in  air,  substitute  oy  oxygen  all  the  car* 
bonic  acid. 

^gjMn  +  0  =  g|Mn+CO. 

We  see  a  similar  action  when  minium  is  made  by 
roasting  carbonate  of  lead  in  the  air.  The  oonverse  of 
this  action,  or  the  substitution  of  0  by  an  acid,  is 
familiar. 

3|Mn  +  80.=sgjMn  +  0 

Bearing  in  mind  that,  according  to  this  view,  hydrates 
and  salts  are  constituted  on  the  type  of  a  peroxide,  such 

as  Q  >  Ba,  the  following  equations  of  the  action  of  acids, 

oxygen,  and  water  on  bsrytes,  are  remarkably  simple. 

^'^  §}Bft  +  0O.»Q^  }Ba  +  0,  i]iw1uoh«QMidiiibftitate6ox7g«a» 
(^-)  3}Ba  +  H0  «g3  1^*'*'^*  lAwliioli water nibatitatMozjgen. 
^'')q3}^*+  ^"  Q  JBa-l-HOjinwliiohozjgenfalMtitatMwater. 
(^)  ^3}  Ba+ 00.  a  ^^^  I  Ba  +  HO,  mwbidi  aa  add  nibftiitiiteflimter^ 

1137.  The  t#o  reactions  in  which  oxygen  decomposes 
hydrate  of  barytes,  forming  peroxide  of  barium,  and  in 
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which  Bteam  decomposes  the  latter,  with  the  re-formatioii 
of  hydrate  of  barytes,  form  the  patented  process  for 
making  oxygen  on  a  large  scale.  The  same  action  is 
seen  in  dissolying  peroxide  of  potassium  in  water,  and  in 
acting  upon  peroxide  of  sodium  with  carbonic  acicL 

K04  +  2H0=(K:0,.2H0)  +  20 
NaO,  +  CO,=NaO,CO,  +  0 

In  the  burning  of  limestone,  vapour  of  water  is  necessary 
to  drive  out  the  acid,  from  a  similar  chemical  reason,  and 
not,  as  generally  ascribed,  to  di&sion.  If  these  views 
of  Dr.  Playfair^  be  well  grounded,  we  ought  to  hare 
instances  in  which  part  oi  the  oxygen  of  an  oxide  is 
substituted  by  another  element,  not  an  anhydride.    Thus 

in  Q  I  Hg  we  find  part  of  the  O  gone  in  the  oxychloride, 

PI  \  Hg ;  and  in  various  sesquioxides,  as  sesqui- 
oxide  of  uranium  and   chromium,  we  find   analogous 

BMqoiozide  nnniiiin.    Chloride  of  imajl. 

compounds,  q  >  Ur„  like  q^}  ^^« >  *^^  ^^  ^  Pdigot's 

Seaqnioxide  chromitun.   Chloride  of  chromium. 

oxychloride  of  chromium,  q*  >  Or,,  like  q^  j  Cr„ 

We  slso  find  that  in  glycol  ether,  where  ethylene  plays 
the  part  of  a  metal,  that  the  two  atoms  of  oxygen  canbe 
replaced  by  an  anhydride. 

Glycol  ether       -       -       -       -    C*^,©, 
Isethionic  anhydride  -        -        -    C4H4(S03), 

It  is  not  required  by  the  theory  that  such  complete  sub- 
stitutions for  oxygen  snould  occur,  as  shown  in  the  case  of 
Isethionic  acid  (although  they  do  occur  in  organo-me- 
tallic  bodies),  because  the  lower  oxides  act  as  moveable 
radicals,  and  should  not  be  displaced.    We  have  written  a 

peroxide  asM  \q^  contrast  it  with  ^  j  O,;  but  in  reality 

it  is  viewed  as  MO,  0»  in  which  M  O  acts  as  a  compound 
radical,  and  we  should  no  more  expect  to  substitute  the 
oxygen  of  the  protoxide,  than  the  hydrogen  of  ethyl. 
1138.  Hitherto  we  have  confined  ourselves,  for  sim- 
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plicity,  to  Dr.  Playfair's  views  of  the  constitution  of 
neutral  salts ;  but  he  does  not  attempt  to  fit  all  salts  into 
the  one  type,  H  0„  as  the  supporters  of  the  water  type  fit 
all  salts  into  the  one  type,  Hs  O2,  or  its  multiples.  On  the 
contrary,  he  takes  as  types  all  the  oxides  which  commonly 
occur.    These  are, — 

ForxnaUesB 
FormTiln.     oontainin^  Bait  types. 

preTioiu  oxides. 
Suboxides  -       •  M*  O 

Protoxides  -       -  M.  O.  b  M«  0, 0   like  M,  O,  A     salts  of  suboxides. 
Magnetic  oxides   M,0«ssM,0„0    „   M,0,,A  tribasic  salta  ft  subsalts. 
Sesquioxidea       -  M,  O,  s  M,  0|,  O    „  M,  O^,  A    bibaaic  salts  &  subsalts. 
Pbboxxdbs-        -MaO^  sMaOsiOfl  „  M|0,,  At  neutral  salts. 
Add  Oxides        •  M,  0«  ss  M^  O,,  O,  „  M.  0,,  A,  salts  of  seeqnioxideB. 

In  the  above  formula  the  oxides  are  written  first  with 
their  arbitrary  formulse ;  then  rationally,  as  being  higher 
oxides  of  previous  lower  oxides,  acting  as  radicals ;  and 
in  the  last  column  the  letter  A  signifies  any  acid  which 
may  substitute  this  replaceable  oxygen.  According  to 
these  views,  the  only  tixily  neutral  siJts  are  represented 
by  the  only  neutral  oxide,  the  peroxide  of  a  metal ;  but 
the  more  rarely  occurring  salts,  such  as  tribasic  or  bibano 
phosphates,  appear  upon  the  type  of  oxides  having  still 
fully  basic  characters,  while  the  characteristic  aciiT  salts 
of  the  sesquioxides  are  constituted  on  the  type  of  man- 
ganic acid. 

1139.  Dr.  Playfair  extends  these  views  to  organic  com- 
pounds, and  shows  that  they  equally  ^pply  to  them.  We 
will  formulate,  in  accordance  with  his  views,  a  few  of  the 
ethers  and  alcohols  as  examples : — 

(1.)  Each  lower  oxide  endeavours  to  unite  either  with 
an  equivalent  of  oxygen,  of  water,  or  of  acid,  as  the  case 
may  be,  to  gratify  its  atomicity.  When  the  addition  is 
only  one  equivalent,  we  have  compounds  like  the  mon- 
atomic  alcohols ;  thus,  M  O  +  O  =  M  O,. 

Potash,  Ka  O, ;  hydrate,  K  O,  H  O ;  salt,  K  O,  JS"  O5. 

Ether,    (C«H«0)a;     alcohol,  C4H5  0,HO;     compound 

ethers,  C^HjO, NO,. 

(2.)  But  when  a  sesquioxide  is  the  starting-point,  this 
oxide,  being  monatomic,  forms  alcohols  and  salts  after  its 
own  fashion,  M,  O,  +  O,  =  Ms  O^ 
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Sesquioxide  of  iron,  Fe,0,;  its  hydrate,  Fe,0,3H0; 
its  salts,  Fe,  0,3  A. 
Glycerin  ether,  C,  H„  O, ;  glycerin,  C,  H«  0„  3  K  O ; 
glycerides,  C.  H«  O.,  3  A. 

(3.)  And  when  a  biatomio  oxide  is  the  starting-point,  we 
have  the  new  and  important  class  of  biatomic  alcohols : — 

Peroxide  of  tin,  Sn,  Oa ;  its  hydrate,  Sd,  O,,  2  H  O  ; 

and  its  salt,  SnsOt,2A. 

Ethylene  ether,  C4  H4  O, ;  glycol,  C4  H*  0„  2  H  O ; 

and  its  salts,  CTA^  0„  2  A. 

(4.)  According  to  Dr.  Playfair's  views,  in  which  a 
radical  is  considered  as  the  moveable  part  of  a  compound 
in  a  given  set  of  reactions,  there  may*  be  primary  and 
secondary  radicals  in  the  same  compound.  Thus  in 
peroxide  of  lead,  the  metal  is  the  primary  radical,  and 
the  protoxide  a  secondarjr  radical,  PbO,  O.  Applying 
this  iD  the  alcohob,  chemical  organic  compounds  can  be 
classified  in  a  simple  wav.  Under  one  set  of  reactions, 
the  alcohols  yield  the  lucohol  radicals,  such  as  ethyl; 
under  another  set  they  yield  the  olifenes,  as  ethylene. 
An  olifene  may  be  thus  a  hydrocarbon,  or  have  part  of 
ita  hydrogen  substituted  by  oxygen,  thus : — 

Ethylene (C4HJ 

Oxidized  radical  -       -       -       -    (G4  H,  O.) 

In  both  cases  they  are  biatomic,  and  their  compounds  are 
the  results  of  this  completed  biatomicity.  If  only  one  of 
the  two  atoms  be  filled  up,  we  have  radicals,  as — 

Ethyl (C.H.H) 

Acetyl (C,H,0»H) 

When  both  the  atoms  are  filled  up,  we  have  neutral 
compounds,  as — 

Hydride  of  ethyl    -        -        -    (C4H0H,H 
Aldehyde       ...       -    (C,H,0,)H,H 

The  compounds  of  these  olifenes  now  run  in  a  series 
perfectly  parallel,  and  of  a  remarkably  simple  relation : — 

Hydride  of  ethyl,  (C*  HJ  H,H;  aldehyde,  (C*  H,0 J  H,  H. 
Ether,  (C«  HJ  H,  0 ;  acetic  anhydride,  (C4  H,  O^  H,  O. 
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Alcohol,  (C4H4)H,0  +  HO;  acetic  acid,  (C4H  OJH, 

0  +  HO. 

Glycol  ether,  (C*  HJ  O,  O ;  glycolid,  (C*  H,  O J  O,  O. 

Glycol,  (C4HJ  O,  O  +  2  H  O ;  elyoolic  acid,  (C*  H,  O,)  O, 

0H-2H0. 

In  these  formulsB  it  will  be  Been  that  the  aldehydes 
correspond  to  the  marflh  gas  compounds  of  the  alcohols, 
while  the  anhydrides  correspond  to  the  ethers,  and  the 
acids  to  the  alcohols;  the  biatomic  alcohob  and  acids 
belonging  to  the  same,  and  not  to  a  different  system. 

1140.  Dr.  FranhUmd^i  views. — A.  general  outline  of 
Dr.  Frankland*s  views  may  be  expressed  in  a  few  words. 
He  considers  that  the  elements  are  capable  of  uniting 
with  only  a  certain  number  <ff  atoms  of  other  elements,  or 
of  compound  radicals  playmg  the  parts  of  elementary 
bodies ;  and  this  number  or  atoms  with  which  the  elements 
are  capable  of  uniting  is  definite  and  unalterable,  no 
matter  what  the  dbaracter  of  the  xmiting  atoms  may  be. 
"When  the  formula  of  inorganic  chemical  compounds 
are  considered,  even  a  superficial  observer  is  struck  with 
the  general  symmetry  of  their  construction.  The  com- 
pounos  of  nitrogen,  phosnhorus,  antimony,  and  arsenic 
especially,  exhibit  the  tendency  of  these  elements  to  form 
(K)mpoundB  containing  three  or  five  equivalents  of  oUier 
elements ;  and  it  is  in  these  proportions  that  their  affinities 
are  best  satisfied.  Thus  in  tne  trinal  group  we  have 
NO„NH.,NI.,NS..  PO..  PH„  PCI..  SbO,.  SbH., 
SbCls,  AsOs,  AsHs,  AsG]«,  &c. ;  and  in  the  five-atom 

Cup,  N  0„  N  H4  O,  N  H4 1,  P  0„  P  H4 1,  Ac."  Frank- 
d  considers  that  the  organo-metallic  bodies  are  con- 
structed upon  the  ty^es  of  the  inorganic  chlorides, 
sulphides,  oxides,  &c.,  of  the  respective  metals  which  they 
contain;  the  chlorine,  oxygen,  sulphur,  &c.,  being  re- 
placed in  equivalent  prop^ion,  ana  step  by  step,  by  the 
alcohol  radicals.  It  will  thus  be  seen  tnat  the  views  of 
Dr.  Playfair  and  Dr.  Prankland  are  much  in  accord  as  to 
the  manner  in  which  bodies  are  constructed. 

1141.  It  is  necessary,  in  order  fully  to  understand 
Frankland's  views,  to  be  well  acquainted  with  the  chemical 
composition  and  properties  of  the  principal  organo-metallic 
bodies;  wo  will  therefore  describe  the  composition  and 
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properties  of  these  bodies*  more  fully  than  we  hare 
hitherto  done,  before  entering  more  into  detail  with 
regard  to  Frankland's  views.  We  will  commence  with  i 
description  of  the  organo-potassium,  sodium,  magneainm, 
zinc,  and  cadmium  compouads.  These  organo-metallie 
bodies  are  all  formed,  according  to  Frankl&nd,  upon  the 
models  of  the  protochlorides  of  these  metals,  the  gencnl 
type  being,— 

Only  one  member  of  the  cadmium  series  is  known,  and 
that  very  imperfectly.  Hie  potassium  and  sodium  senes 
are  known  only  in  combination  with  the  oorrespondinff  zinc 

compounds.    Example :— 2  Zd,  j  c  H  "^  ^^  \  C*  H 

1142.  Three  bodies  belonging  to  tiie  zinc  seiiea  are 
known,  viz.  :— 

Zinc-methyl -2n,  J^*^» 

Zinc-ethyl ^'^»Jc*h' 

Zinc-amyl Zn,  <5»«5" 

These  bodies  are  colourless,  transparent,  mobile,  volatile, 
and  odorous  liquids,  composed  of  four  gaseous  volumes  of 
the  hydrocarbon  radical,  and  two  volumes  of  zinc  vapour, 
the  six  volumes  condensed  to  four.  The  methyland 
ethyl  compounds  are  spontaneously  inflammable,  burning 
with  a  greenish-blue  name.  In  contact  with  water  they 
are  instantly  decomposed,  with  formation  of  oxide  of 
zinc  and  hydride  of  the  organic  radicaL 

1143.  Of  the  magnesium  series,  the  compoundz  con- 
taining ethyl  and  methyl  only  have  hifiierto  been 
examined,  and  the  former  alone  submitted  to  analysis. 
These  bodies  possess  a  close  similarity  to  organo-zine 
compounds.    They  are  very  volatile  colourless  liquids. 


•  I  h»Te  token  the  description  of  these  bodies  from  Frankland's  paper  oa 
the  orgaoo-metals.  I  have  merely  altered  the  arransement  and  cSaaeaaed 
the  report.  I  have  given,  in  Appendix  IC,  the  generaJ  methods  fbr  fonninc 
these  bodies,  which  I  have  taken  from  the  same  sooroo.  ^^ 


rci 

mJci 

(CI 
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possessing  a  powerfiil  alliaceoas  odour,  are  spontaQeoosly 
inflammable,  and  decompose  water  with  violence. 

1144.  The  organo-aluminum  and  glaeinam  compounds 
are  formed  upon  the  type  of  the  sesquichloride  or  those 
metals,— 

rci 

01 

[ci 

These  organo-componnds  have  not  been  isolated  with 
certainty ;  they  are  known  only  in  combination  with  the 
iodides  of  the  respective  metals.  These  double  compounds 
possess  great  chemical  energy;  they  are  spontaneously 
inflammaole,  volatile  liquids,  whicn  decompose  water 
with  explosive  violence.  They  are  attacked  by  sinc- 
eth^l,  forming  iodide  of  zinc,  and  very  inflammable 
liquids,  which  latter  are  believed  to  be  the  pure  organo- 
oompounds. 

1145.  The  or^ano-tin  compounds  are  represented  by 
the  three  chlorides  of  tin, — 

rCl  C 

8^«)ci         ®°*)^^  ®"nci 

^^^  tci 

A  large  number  of  organo-metallic  bodies  containing  tin 
has  been  described.  The  existence  of  th^  following  may 
be  considered  as  clearly  established:— 

(a.)  Stannous  compounds. 

Stannous  methide,  or  stanmethyl     -  Sn,  j  p  S' 

Stannous  ethide,  or  stanethyl  .        .  Sn,  <  p  u' 

These  compounds  are  oily  liquids,  soluble  in  alcohol 
and  ether,  but  insoluble  in  water,  and  possessing  a 
pungent  odour.  They  cannot  be  distilled  without  de- 
composition, being  resolved  into  stannic  compounds  and 
metallic  tin. 

(5.)  Sesqui'Compounds, 


Sesquimethide 
oftin    - 


Sn.l§H:    D«>ethiodideofg„J§P; 
(C,H.       ^        '       •        (1 
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Sesiiuiethide  of  g„^  j  g;|;    Diethiodide    of  g     j  g|; 

The  sesqni-compoundB  of  the  form   Sn^ )  B  4.  Iiave 

(B  + 
hitherto  been  very  little  examined.    Thej  are  oily  liquids, 
and  are  capable  of  uniting  directly  with  negative  radicahi. 


The  sesqui-eompounda  of  the  form  Sn^ 


are  very 


little  known ;  diethiodide  of  tin,  above  mentioned,  being 
the  only  one  known  with  certainty. 


(c.)  Stannic  compounds. 


Stannic  methide  Sn, 


Stannic  ethide  -  Sds 


;c.H, 

IC.H. 
IC.H. 

;c.H, 

C.H. 

(C.H, 

Stannic  eihylo-  g^  )  C|H, 

methide        - '"'•JC«H, 

(C,H, 
Sn,jC«H, 


Stannic  iodo- 
dimethide 


Stannic  ethylo- 
trimethide     • 


Stannic  iodo- 
trimethide 


Stannic  iodo- 
triethide 


Stannic  iodo- 
diethide 


^C,H. 

(C,Br, 

S"'J§h: 

(C.H. 
''"•JC.H. 

I   I 


:c.H. 

IT 


Sn, 


Stannic  compounds  of  the  form  Sn^  S  ;b,  X  c^i^  colour- 

(11  + 
less  mobile  liquids,  possessing  a  slight  etherial  odour. 
Thev  are  volatile  without  decomposition,  and  are  very 
stable. 
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Stannic  oomponndB  of  the  form  Sosj  ^  ^commonly 

called  oomponndB  of  Beaqnistanetliyl,  haje  been  compara- 
tiyely  well  studied.  The  oxides  are,  in  the  anhydrons 
condition,  yolatile,  limi>id,  oily  li(]^nids,  which  readily 
unite  with  water,  forming  crystallme  hydrates,  which 
haye  a  powerful  alkaline  reaction,  and  neutralize  the 
strongest  acids,  forming  an  eztensiye  series  of  salts. 
These  salts  are  almost  all  soluble  in  water,  readily  crys- 
tallizable,  and  of  a  yery  pungent  odour.  The  iodo- 
stannic  triethide  has  the  following  formula, — 

Stannic  compounds  of  the  form  Sns<^^   haye  also 

IE- 
been  yery  completel^^inyestigated.  The  oxides  are  white 
amorphous  powders,  insoluble  in  water,  alcohol,  and  ether. 
They  dissolve  in  hydrochloric,  hydriodic,  and  hydro- 
bromic  acids,  forming  colourless  and  inodorous  salts, 
which  crystallize  in  mie  prisms.  Most  of  the  oxy salts 
can  also  be  obtained  in  the  crystalline  form,  either  from 
aqueous  or  alcoholic  solutions.  Iodide  of  stannic  di- 
etnide,  which  may  be  regarded  as  the  representative  of 

the  haloid  salts,  has  the  following  formula,— Sus  ]    *  j ' 

(      I 

1146.  The  compounds  of  the  bismuth  series  are  repre- 
sented by  the  terohloride  of  bismuth  and  by  bismuthio 
acid: — 


(CI 
3iJ 


Bi^.Cl  Bi- 

Ici 
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The  following  bodies  belonging  to  tliis  series  hare  been 
described : — 

Bismntbons  t,.  j  2*5'    BiBmntbous  p.  j  ^*^ 

triethide  -      .  -^^^  I  ^^hI        di-iodoethide  -  ^^^      J 

Bismutbous  Bi|^*a     Bi™^*^<>^!  Bi|  ^*0* 


.| 


dicblorethide  -  "^'l     ^J        dioxyetbide    -  -"^       ^ 

Doable  oomponnd  of  bis-         xnu*  eg 

mutbous  solpbide  with  -d:  Jn*TT*  _i_  o  -n:  3  c  t 

bismutbic       sulpbotri.  ^i<UH,  +  ZBi^S. 
etbide          -        .        .         (    °  tS 

Tbese  bodies  bare  a,s  yet  been  but  yery  imperfectly 
inyestigated.  The  triethide  compound  is  a  coloorlesa,  or 
slightly  yellow,  mobile  liquid,  havrng  an  uni>lea8ant  odour, 
like  that  of  stibethine.  Exposed  to  the  air,  it  gives  off 
dense  yellow  fumes,  inflames  spontaneously,  and  finally 
explodes.  It  is  very  instable ;  it  begins  to  decompose  at 
50^  or  60^0.,  and  explodes  violently  when  heated  to 
150°  C,  a  temperature  still  below  its  boiling  point 

1147.  The  organo-lead  compounds  are  moulded  on  tLe 
types  of  sesquioxide  and  peroxide  of  lead: — 

"-jo       pb.|8 


The  following  are  at  present  the  only  known  bodies 
elonging 
been  exph 


belonging  to  this  series,  the  ethyl  group  alone  having 
pTored  ;— 


nvr'o  Plumbic  chloro-  t,,    jC«H, 

C,H*  triethide        -  ^^  i  0,H. 

( C,H,  (  C.H, 

Plumbic  oxytri- p.   )  C4H,  Plumbic   tri-       ■«,   J  C4H, 

ethide  -        -^n  C,Hs  ethylonitrate     ^^* )  C.H, 

(  o  (ko. 
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Pltunbio  ethid«       ....  Fbt  ^ 


;c.H, 

IC.H. 


H«ll 


The  existence  of  the  first  of  these  bodies  has  not  yet  been 
clearly  established.  Plumbic  ethide  is  a  colourless,  limpid 
fluid,  soluble  in  ether,  but  insoluble  in  water,  and  possess- 
ing a  faint  odour. 

1148.  The  mercuric  series  are  all  moulded  upon  the 
type  of  the  bichloride, — 

^Cl 
[CI 

No  organo-mercurous  compounds  have  yet  been  pro- 
duced ;  the  mercuric  series  comprise  the  following  mem- 
bers:— 

Mercuric              xr^  5  C,H,  Mercuric             -rr^  J  C4H, 

methiodide    •  ^^\     1  ethiodide      -^i     I 

Mercuric             -p-^  J  C,H,  Mercuric             Tr„  i  C4H5 

meth-hydrate   "^^  I  H  O,  ethohydrate  -  "^^  j  H  O, 

Mercuric              p-    J  CtH,  Mercuric             tt   J  C4Ha 

methonitrate  -  "^^  (  N  O.  ethonitrate   -  ""^  (  N  O, 

""mSe    -  H«  1 SS  ^«-^  ^'  H«  I  c:h: 

C*H  • 

Mercuric  methide  and  mercuric  ethide  are  colourless, 
etheriid,  volatile  liquids,  insoluble  in  water,  but  soluble 
in  alcohol  and  ether,  and  possessing  great  stability.  Mer- 
curic methide  possesses  the  highest  specific  gravity  of 
any  known  non-metallic  liquid  (3*069).  Glass,  con- 
sequently, floats  upon  its  surface.  The  hydrates  of  mer- 
curic methoxide  and  mercuric  ethoxide  are  caustic  alkaline 
bases,  capable  of  expelling  ammonia  from  its  salts.  The 
remaining  mercury  compounds,  which  may  be  considered 
as  derivatives  of  tnese  two  bodies,  are  represented  in  the 
list  by  the  iodides  and  nitrates ;  they  generally  crystallize 
very  readily,  and,  with  the  exception  of  the  naloid  com- 
pounds, are  soluble  in  water.  When  their  aqueous  solu- 
tions are  treated  with  zinc,  they  are  decomposedj  the  zinc 
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CO 

/Cl 

Cl 

-   <C1 

(ei 

CI 

Sb^CI 

SbJci 

Cl 

)o  . 

(Cl 

Cl 

Co 

la 

becomes  amalgamated,  and  gaseouB  hydrides  of  the  posi- 
tife  radicals  are  erolyed.  .       . 

1149.  The  arsenio  and  antimony  series  hare  for  their 
types  the  following  inorganic  oomponnds : —    . 


As 


1150.  The  antimony  series  of  organo-metallic  bodies 
contains  a  greater  number 'ahd  yarie^  of  compounds  than 
any  other,  with  the  exoention  of  the  arsemc  series.  The 
remarkable  polyatomic  (marketer  of  antimony  ^od  arsenic 
not  only  renders  the  possible  number  of  their  organo- 
compounds  very  large,  out  .the  yariation  in  the  proportions 
of  the  positiye  and  negatiye  molecules'giyes  an  extremely- 
wide  range  to  their  chemical  diaracter, 'extending  as  it 
does,  from  highly  caustic  bases  on  the  ox^e  hand,  to 
powerful  bibasic  acids  on  the  other.  '  The  following  are  the 
principal  compounds  belonging  to  tiiia  series : — 

Trimethyl-stibine    -   .     -       -        -    Sb 


Antimonic trimethoxide  -  '    -'     -    Sb"- 


Antimonic  trimethochloride 


Iodide  of  tetramethyl-stibonium,  or    q^  . 
antimonic  tetramethiodide    •        _    oo ' 
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7l-8tiboiiitim,or    gij 
antimonio  tetramethyl-hydrate     - 


Antimonic  trimethonitrate       -        -    Sb 


Triethyl-Btibine        -        -        -        -    Sb 


Antimonio  triethozide      -       •        -    Sb 


Antimonic  triethochloride         -       •   Sb 


Iodide    of    tetrethyl-stibonixun,    or   gi. 
antimonio  tetramethiodide     • 


lodideofmethylo-trietbyl-Btiboniom,    gi^ 
or  antimonio  triethomethiodide     - 


Hydrate  of  tetrethyl-stibonimn,  or    gi^ 
antimonio  tetrethyl-bydrate  - 


iCaHs 

C.H, 

C,H, 

.HO, 

•C.H.- 
|C,H, 

lCiH, 

NO. 
.NO. 

fC.H. 
I  CiH, 
I.  C.H, 

C.H. 
I  C.H. 
,C.H. 

O 
(C.H. 

<C.H. 

(.01 

■C.H. 
^C.H. 

\C4Ha 

/C.H. 

rc.H; 

^C.H. 
/O.H. 

rc.H; 

C.H, 

C.H. 

C.H, 

LHO. 
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Antimonio  triethonitrate  - 


Nitrate   of  tetrethyl-stibonium, 
antimonio  tetrethyl-nitrate   - 


Antimonio  tiiethantimonite 


Antimonic  triethoxiodide  • 


Sb 


or 


Triamyl-Btibine 


Antimonic  triamyl-cbloiide 


Antimonic  triamyl-nitrate 


an, 
an. 

NOe 

NO. 

an. 

NOe 

Sb^CH, 

Sb04 

LSbO* 


Sb 


1? 

(CuHu 


L 


rCwHu 

I  CmHu 

Sb-{  CioHu 
•     CI 
CI 

fCioHu 

I  CwHu 

Sb-{  CioHu 

INO. 

Uo. 


It  is  remarkable  that  we  bare  as  yet  no  dedsiye 
eyidence  in  the  antimony  series  of  the  existence  of  a 
compound  corresponding  to  cacodyL  It  is  trae  that  snoh 
a  body  has  been  described  under  the  name  of  siibbiamyl, 
but  subsequent  experiments  have  failed  to  confirm  its 
existence.    Amongst  organo-antimony  compounds,  there- 
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fB  + 
fore,  the  most  simple  form  is  Sb  <  E  +.    Bodies  of  this 

form  are  tHe  analogues  of  ammonia,  and  have  been  already 
described  under  wat  type.    Tho  bodies  also  baying  the 

form  Sb  <  E  +  haye  been  described.    We  shall  therefore 

yE+ 

(E  + 

\e  + 

only  notice  here  the  bodies  haying  the  form  Sb  <  E  + 

JE— 

Ce— 

and  their  deriyatiyes.  When  the  two  atoms  of  E— -  are 
oxygen,  these  compounds  constitute  what  may  be  termed 
biacid  antimony  bases.    They  are  formed  either  by  the 


direct  onion  of  the  stibamines  f  Sb  <  E  +  j  with  ozygen» 
(E  + 

rE+  \e+ 

Sb  <  E  -I-  +  Oi=  Sb  <E  +,  or  by  the  decomposition  of 
(E+  )0 

(o 

the  corresponding  haloid  compounds  by  means  of  potash, 
thus:— 


The  stibamines,  although  in  other  respects  the  perfect 
analogues  of  the  nitramines,  here  evidently  exhibit  a 
much  more  highly  positive  character,  uniting  with  oxygen 
so  energetically  as  to  be  spontaneously  inflammable  in  the 
lower  portion  of  the  series. 

The  biacid  antimony  bases  are  colourless,  transparent, 
amorphous,  and  tenacious  bodies.  The  ethyl  base  is  easily 
soluble  in  water  and  alcohol,  but  somewhat  less  soluble 
in  ether.    These  bases  possess  a  bitter  taste,  are  non- 
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Tolatile,  and  do  not  Ba£fer  any  change  when  exposed  to 
the  air.  Treated  with  potassium,  tLey  are  redaced  to 
stibamines,— 


=  SbS 


.e  +  +  2k:o 

(E  + 


Fuming  nitrie  acid  decomposes  the  biacid  bases  with 
ignition ;  but  when  they  are  treated  with  dilate  nitric  or 
other  acid,  the  respective  biacid  salts  are  produced.  The 
ozy-salts  are  soluble  in  water  or  alcohol.  Most  of  them 
crystallize  without  much  difficulty,  as  do  also  the  anti- 
monio  biniodides;  but  antimonic  trietho-bromidey  and 
trietho-chloride  are  liquids  not  volatile  without  decom- 
position, insoluble  in  water,  but  soluble  in  alcohol  and 
ether. 

1151.  The  arsenic  series  is  perhaps  the  most  important 
and  interesting  amongst  organo-metallic  bodies.  It  con- 
tains the  first -discovered  organo-metal,  cacodyl,  the 
dassical  investigation  of  whidi,  by  Bunsen,  not  only 
imparts  a  completeness  to  our  kaowledge  of  this  aeiiesy 
but  has  afforded  the  clue  to  the  successful  interpretation 
of  many  phenomena  met  with  in  other  analogous  families. 
The  foilowinff  are  the  principal  organo-arsenical  com* 
pounds  already  investigated:— 

<^^^y^ As}g;g; 

EthyHc  cacodyl  -        -        -       •   -^  1  o  H 
Butylic  cacodyl  -        -        .        .   As|S*5* 

(C.H, 
Oxide  of  cacodyl        -        -       -   AskCHs 

c   o 


Sulphide  of  cacodyl    -        -        •   As  <  C.  Ht 


r    C" 
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Chloride  of  cacodyl    • 


Chloride  of  cacoplatyl 


Anenions  dioxymethide 


Anenioas  diaulphomethide 


AneniouB  diehloromethide 


Trimethylanine 


Arsenioiu  diethiodide 


TrieihylarBine 


Monomethylanenio  acid 


Monomeihylanemaies 


^  As 


-   As 


CC, 


:c.H. 

CI 

:c.H, 

-   A«^C.PfH 
CI 

:c.H, 
o 
o 

■  Ab^  S 
(  S 
CCH, 

•   As^     Cl 

(    ca 

(C.H, 

(C.H. 

C,H, 
C.H. 

1 
C.H. 
C4H, 
C.H. 

C.H, 


Ab 


(C.H, 

1 


CC.H, 
A«-^    O 

)mo. 
Cmo. 

fCH, 


Anenic  diozydiohlonnethide       •   Aa. 


2k 


O 
O 

Cl 
Cl 
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Anenic  tetrachlonnethide 


Cacodylie  acid 


Cftcodylates 


StJohocacodylio  acid 


Ab^ 


Solphocaoodjlates 


Terchloride  of  cacodyi 


Ethyl-caeodylio  acid 


Ethyl-cacodylatcs 


A.9i 
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Arsenio  triethozide 


Arsenic  triethonitr&te  • 


Arsenio  triethosidphide 


Arsenic  triethocliloride 


As-^ 


-   As 


Oxide  of  tetramethylarsonitun,  or 
arsenic  tetramethozide     - 


As^ 


Nitrate  of  tetramethylarsoninm, 
or  arsenic  tetramethyl-snlpliate 


Iodide    of  tetrameth]^larsoniiim, 
or  arsenic  tetrametbiodide 


Oxide  of  dimethjl-diethylar- 
soniuiDy  or  arsenic  dimetHyl- 
diethyloxide     .        .        .        . 


rc,H. 

|C,H, 
A»-(  C4H, 

I  o 
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Iodide  of  dimethyl-diethylar- 
sonium,  or  arsenic  dimethyl- 
dieihjiiodide    •        .        -        • 


Nitrate  of  dimethyl-diethylar- 
flonium,  or  arsenic  dimethyl- 
diethyl-nitrate .        .        -        . 


Oxide    of  tetreth^rlarsonium,    or 
arsenic  tetrethoxide  •        -        - 


Nitrate  of  tetrethylarsonium,  or 
arsenic  tetrethyl-nitrate   - 


Chloride  of  tetrethylarsonium,  or 
arsenic  tetrethyl-chloride  • 


Iodide  of  dimethyl -diamylarsoni- 
iim,or  arsenic  dmiethamyliodide 


IC.H, 
As^  C4H, 

rc.H. 

IC.H. 

Aa-i  C,H, 

IC,H. 

rc.H. 

[C.H. 
Ag-{  C,H» 

L   o 

rc.H. 

I  C.H. 

Aa<  C.H, 

C.H. 

rc.H. 

IC.H. 
A»-i  C.H. 
C.H. 
I  CI 


As- 


C.H, 
C.H, 

CnHu 

I 


The  organo-arsenical  compounds  belon^^ing  to  the  type 

As  i  p^  contain  only  positiye  radicals.    They  are  volatile 

poisonons  liquids,  insoluble  in  water,  but  very  salable  in 
alcohol  and  ether,  and  possessing  an  insupportable  odour. 
The  lower  members  of  tne  family  are  spontaneously  inflam- 
mable, whilst  the  higher  ones  also  rapidly  oxidize  in  air. 
They  unite  with  negatiye  elements  witu  great  enerKy, 
manifesting  in  their  combinations  either  a  uniatomio  or 
a  teratomio  character,  and  producing  bodies  either  of  1^ 
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form  As^E  +  orAsJ  E—    Thus,  oicodyl  forms  with 

VE- 
chlorme,  chloride  of  caoodjl  and  terchloride  of  cacodyl. 

Methyl-cacodyl  boils  at  170®  C,  and  ethylio  cacodyl 
between  185**  and  190°  C.  Heated  to  400°  C,  cacodyl 
BoUts  np  into  metallic  arsenic,  hydride  of  methyl,  and 
olefiant  gas.  Bodies  of  the  cacodyl  type  can  be  re-gene- 
rated by  reducing  agents  from  many  of  their  uniatomio 
compounds :  thus,  chloride  of  cacodyl  and  metallic  sine 
giye  cacodyl  and  chloride  of  zinc. 


Hie  bodies  constructed  on  the  type  As  <  E  are  of  three 

fE+  (E+  rE  + 

forms,  viz.:— (1)  As^E+  (2)  As^E+  (3)  As^E  — 
(E+  (E—  (E  — 

Those  belonging  to  the  first  are  termed  arsines,  and  have 
been  described  under  the  ammonia  type ;  but,  in  addition 
to  the  alkaloid  function,  they  have,  Hkc  the  corresponding 
antimony  compounds,  the  power  of  combining  with  two 

iE  + 
E  + 
E- 
Thus,  triethylarsine  combines  with  oxygen  to  form  arsenic 
dioxytriethide.    The  lower  members  of  the  type  possess 
this  property  to  such  an  extent  as  to  render  them  spon- 
taneously inflammable  in  air. 

Compounds  belonging  to  the  second  of  the  above  forms 
are  produced  by  the  direct  combination  of  the  cacodyls 
with  Degative  elements ;  the  oxides  are  bases  of  compara- 
tively feeble  power,  slowly  combining  with  two  additional 
equivalents  of  oxygen  to  form  acids.  Thus,  oxide  of 
cacodyl,  by  exposure  to  air,  slowly  passes  iuto  cacodylic 
acid.  The  chlorine,  bromine,  ana  iodine  compounds  of 
this  second  form  are  volatile  neutral  bodies,  which  may  be 
regarded  as  the  haloid  salts  of  cacodyl.    Heated  in  contact 
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witH  bichloride  of  platinum,  the   chloride   of    caoodjl 

£  resents  an  interesting  reaction;  two  eqniyalenta  of 
ydrogen  in  the  caeodjl  become  replaced  by  a  biatomie 
molecule  of  platinum,  producing  chloride  of  cacoplatjl, 
thus: — 

rc,H,  cC,H. 

As '{ C,H,  +  Pt  Clt=  Ab  -{CtPfH  -f  H  a 
(CI  (    CI 

Cacoplatyl  forms  a  series  of  compounds  analogous  to  those 
of  cacodyl. 

The  only  compounds  of  the  third  form  yet  known  be- 
long to  the  methylic  group.  Arsenious  dioxymethideia  a 
crystalline  body  of  a  neutral  character,  soluble  in  water, 
alcohol,  and  ether,  unchanged  by  exposure  to  air«  but 
transformed  by  distillation  with  nydrate  of  potash  into 
arsenious  acid  and  oxide  of  cacodyi.  Hydroehlorie  acid 
oonyerts  it  into  arsenious  dicMormethide,  and  hydrobromie 
and  hydriodic  acids  produce  a  perfectly  analogous  change; 
whilst  sulphuretted  nydrogen  transforms  it  into  arsenious 
disulphomethide.  The  chlorine,  bromine,  and  iodine  com- 
pounds are  neutral  bodies  of  considerable  stability ;  the 
two  former  are  liquid,  the  latter  solid  and  crystalline. 
By  the  action  of  ctilorine,  or  oxidizing  agents,  they  axe 


ft  + 


transformed  into  bodies  of  the  form  As 


R 

1152.  The  bodies  conBtmcted  on  the  type  As  <  B  hare 

VR 
been  more  thoroughly  inyeatigated  than  those  of  any  other 

(R  + 
R-f 
R  +  are  the 
R  -f 
R- 
strict  analogues  of  the  compounds  of  ammonium,  and  have 
been  described  under  that  type.    Bodies  on  the  type 
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As  <B  —  hare  only  yet  been  explored  in  the  metibylio 

Je- 

group.  The  oxygen  compound  constitntes  anhydroos 
monomethylanenic  acid, — a  direct  deriratiye  from  arseni- 
ons  dioxymethide : — 

AnemouB  diozjmethide.  HonometbyUnenic  «cidL 

iC,H. 
O 

Monomethylarsenic  acid  is  bibasic,  forming  sfcable  and 
well-defined  cryBtallizable  salts,  the  formula  of  which  are 
represented  by  the  general  expression,-— 


The  chlorine  compound  is  exceedingly  unstable ;  it  may, 
however,  be  formed  at  — *10°0.,  but  is  transfonned  at 
(fC.  into  arsenious  chloride  and  chloride  of  metbyL 
Arsenic  dioxydiohlor-methide  is  a  somewhat  more  stable 
body,  formed  by  the  direct  union  of  chlorine  with  arseni- 
ous dioxymethide.  Neyertheless,  even  this  compound 
readily  decomposes,  with  evolution  of  ddoride  of  methyl. 

\b  + 

1153.  The  oxygen  compounds  on  the  type  As<£  — 

llz 

are  feeble  monobasic  acids,  of  which  caoodylic  acid  may  be 
regarded  as  the  representatiye*    They  are  derived  from 

the  bodies  As  <E  +  by  direct  oxidation.    CaoodyHo  acid 

is  remarkable  for  its  stability ;  neither  fuming  nitric  acid 
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nor  a  miztiire  of  Bnlj^lraric  oqcL  ohromio  acids  attaclu  it, 
eren  at  the  boiling  point,  and  it  may  be  heated  to  200^  C 
without  alteration.  Although  it  is  Bolnble  in  w&t^t 
and  contains  upwards  of  64  per  cent,  of  arsenic,  yet  it  is 
not  in  the  least  deme  poisonous.  Several  agents  reduce 
oaoodylic  acid  to  tne  arsenious,  or  eren  to  the  diatomic 
fonn.  Thus,  phosphorous  acid  transforms  it  into  cacodyl ; 
zinc  also  produces  the  same  result.  Hydriodic  acid 
gas  conyerts  it  into  arsenious  dimethiodide.  Its  aoid 
onaracter  is  so  slightlj^  marked  that  it  is  capable  of  form- 
ing compounds  in  which  it  appears  to  plajr  the  part  of  a 
base ;  thus,  with  hydrofluoric,  hydrochloric,  and  hydro- 
bromic  acids,  it  forms  componnos.  The  formula  of  the 
hydrochloric  compound  is  given  as  the  type  of  the  rest, 

/C,H, 
C.H. 
As  <  H  Oi :  the  hydrobromate  reacts  perfectly  neutraL 

/HO, 

V   CI 

/C,H. 
C.H, 
1164.  The  cacodylates  have  the  formula.  As  \     O 

VMO, 

Sulphocacodylic  acid  has  not  yet  been  isolated,  but  its 
salts  present  the  same  relations  to  those  of  cacoc^Hc  acid 
as  salts  of  sulphur  acids  generally  bear  to  those  of  oxyacids. 
1166.  The  morganic  models  K>r  the  tellurium  senes  are 
chloride  of  tellurium  and  teUurous  acid,— • 


The  following  bodies  belonging  to  the  tellurium  series 
are  known  :— 

Tellurium-methyl         -        -        -  Te, 
TeUurous  dimethozide 
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TellarouB  methoxychloride  -  •  Te,  < 

TellurooB  dimethiodide         -  •  Te,  \ 

Tellurinm  ethyl  -        -        -  -  Te,  |  ^ 

TelliiroTis  dieihoxide    -       -  -  Tei< 

TellnrouB  diethoBulphide      -  -  Te,|^ 

TeUnrouB  diethocUoride      -  -  Te,  { 

TellaroUB  dieUioxy chloride  - 


TellnrouB  diethiodide   -        -        '  Te,j     j  ' 

Tellurium-amyl    ....  Te,|^|*^||] 

The  componnds  of  the  alcohol  radicals  with  tellarinm 
are  volatile  liquids  of  most  unbearable  odour.  They 
oxidize  readily  in  contact  with  air,  forming  the  raspeotiTe 
oxides.  Tellurium-amyl  has  not  yet  been  obtained  in  a 
Btate  of  purity. 

The  oxides  of  these  bodies  are  powerful  bases,  expelling 
ammonia  from  its  salts,  and  attracting  carbonic  acid  from 
the  air.    They  form  salts  of  considerable  stability,  which, 
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as  well  as  the  oxides  themselyes,  yield  the  original  organo- 
tellurium  compounds  when  treated  with  sulphuroua 
acid : — 


an. 


1156.  Viewing  these  different  organo-metallic  bodies 
as  framed  on  the  inorganic  types  we  have  named,  it  is 
interesting  to  notice  the  effect  which  the  substitution  of 
positive  for  negative  radicals  has  u^on  the  properties  of 
the  compound.  Thus,  tribasic  arsenic  acid»  when  an  atom 
of  methyl  has  been  substituted  for  oxyeen,  becomes 
transformed  by  the    substitution  into  a  bibasic    add* 

/C.H.       . 

I     O 
monomethylarsenic  acid,  As  <     O   ,  a  well-defined  acid 

)    O 

V  o 

of  considerable  energy,  though  inferior  in  chlorous  power 
to  arsenic  acid.  When  a  second  equivalent  of  oxygen  is 
replaced  by  methyl,  the  compound  produced  is  still  an 

iCH, 
C.H. 
O   ,  but  so  feeble  that  it  is 
o 
o 

incapable  of  forming  an  ammonia  salt.  When  a  third 
equivalent  of  oxygen  has  been  replaced  by  methyl,  the 

iC.H, 
CH, 
CsHm 
o 

is  a  feeble  biacid  base.  When  a  fourth  equivalent  of 
oxygen  is  exchanged  for  methyl,  the  compound  produced, 

'  CsHs 
C.H, 
oxide  of  tetramethylarsoninm,  As  ^  C,  Hs,  is  a  base  of 

C,H, 
O 
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sucli  energy  as  to  be  comparable  with  the  caustic  alkalies 
themselves.  Such  sabstitutions,  Frankland  observes, 
aCford  striking  evidence  of  the  dependence  of  the  chemical 
character  of  a  compound  upon  that  of  each  individual 
constituent. 

1167.  These  organo-metallic  bodies  are  distinguished, 
as  the  student  will  have  noticed  in  reading  the  description 
of  their  pronerties,  for  the  extraordinary  energy  of  their 
affinities.  Their  disposition  to  unite  with  negative  ele- 
ments increases  with  the  positive  character  of  the  metal, 
and  with  the  smallness  of  the  atomic  weight  of  the  alcohol 
radical.  Thus,  organo-potassium  and  sodium  compounds 
possess  more  chemical  energy  than  those  of  zinc ;  whilst 
the  latter  are  more  active  than  the  compounds  of  arsenic, 
antimony,  tin,  or  lead.  Again,  in  the  series  belonging 
to  each  metal,  the  methylic  compounds  are  more  energetic 
than  the  ethylic  ones,  whilst  the  latter  greatly  surpass 
the  amylic  compounds  in  this  respect. 

1168.  We  have  already  stated  that  Frankland  considers 

that  the  elements  are  capable  of  uniting  with  only  a  certain 

number  of  atoms  of  other  radicals,  and  this  number  is 

definite  and  unalterable,  no  matter  what  may  be  the 

character  of  the  uniting  atoms.    Frankland  calls  this  the 

extreme  stage  of  combination, — the  atomic  saturation  of 

the  element.    We  will   now  illustrate   this  view  that 

bodies    cannot,  after  they  have    reached  the   stage  of 

atomic  saturation,  combine  with  a  further  quantity  of  an 

element,  by  a  few  examples.    The  organo-zino  compounds, 

we  have  said,  are  founded  on  the  model  of  its  cnloride, 

i  CI 
Ms  I  Qi ;  they  are  therefore  saturated  bodies,  and  conse- 

quently  cannot  play  the  part  of  radicals  by  combining 
with  other  bodies.  When  they  are  acted  upon,  they 
are  decomposed  into  other  and  entirely  different  bodies. 

<^->    Zn.jg'|'  +  I*=2ZnI  +  2^»f*} 

«  z.ji;i;+o.=8(<'.ajo.) 


;c.H. 

|C,H.' 


StanDic  methide,  Sn,  <  q  jr'*  f"^^  stannic  ethide,  axe  in  a 
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Btate  of  saturation;  they  are  incapable  of  direct  coa- 
bination.  No  body  can  act  upon  them  without  expelling 
one  ec^uivalent  or  more  of  the  positive  radical.  Thus, 
when  iodine  acts  upon  them,  one  equivalent  of  that 
metalloid  is  substituted  for  one  equivalent  of  the  alcohol 
radical,  which  when  liberated  combines  with  an  equiT&lent 
of  the  iodine. 


+  I.=  Sn^ 


The  case  is  different  with  the  stannous  compounds. 
These  compounds  can  combine  with  a  further  number  of 
atoms ;  they  become  transformed  by  the  combination  into 
stannic  compounds. 

Organo-metallic  bodies,  in  a  state  of  saturation,  do  not^ 
as  we  see  by  these  examples,  perform  the  part  of  ocnn- 
pound  radicals;  they  never  undergo  change  without 
chemical  decomposition.  But  in  the  state  of  partial 
saturation  they  play  the  part  of  radicals,  and  they  are 
uniatomic,  biatomic,  teratomic,  or  ^uadratomic,  according 
to  the  number  of  molecules  requisite  to  complete  th^ 
saturation. 

1159.  *'  In  the  combinations  of  polyatomic  metals,  we 
frequently  notice,  from  the  lowest  to  the  highest  oom- 
pound,  one  or  more  intermediate  points  of  exalted 
stability.  Thus  antimony  has  a  teratomic  stage  of  com* 
parative  stability.  JN'itrogen,  phosphorus,  and  arseniey 
whilst  exhibiting  a  similar  teratomic  stage,  have  also  a 
biatomic  one,  though  of  greatly  inferior  stabili^ ;  whilst 
the  existence  of  protoxide  of  nitrogen,  and  the  recent 
researches  of  Griess,  render  it  evident  that  nitrogen  has  a 
third  and  uniatomic  stage. 

1160.  '*  In  bodies  possessing  at  least  one  stage  of  sta- 
bility below  saturation,  and  in  which  all  the  atoms  united 
with  the  polyatomic  element  are  of  the  same  kind,  the  stage 
of  maximum  stability  is  very  rarely  that  of  saturation. 
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Thus,  in  nitrogen,  QTsenic,  and  bismuth,  compounds  of 
the  kind  just  mentioned,  the  staee  of  maximum  stability^ 
is  decidedly  the  teratomic  one.  In  antimonial  compounds 
of  a  similar  nature,  the  teratomic  is  also,  though  less 
decidedly,  the  stage  of  maximum  stability;  whilst  in 
phosphorus  compounds  the  points  of  maximum  stability 
and  of  saturation  fj^enerally  coincide.  When,  however, 
the  atoms  united  with  the  polyatomic  elements  are  not  of 
the  same  kind,  then  the  stage  of  maximum  stability 
usually  coincides  with  that  of  saturation.  Thus  the  bin- 
oxide  or  bichloride  of  triethylarsine  or  triethyl-stibine, 
are  more  stable  than  triethylarsine  or  triethyl-stibine 
themsdres;  but  this  pentatomio  stability  reaches  its 
climax  in  arsonium,  stiboninm,  and  phosphonium  com- 
pounds, as  it  does  also  in  the  corresponding  compounds  of 
nitrogen,  although  the  latter  element  exnibits  a  much 
Btronj^er  tendency  towards  uniyersal  teratomic  stability 
than  its  chemical  associates. 

1161.  "  In  polyatomic  organo-metallio  bodies,  it  is  re- 
markable that,  with  few  exceptions,  the  positive  hydro* 
carbons  hold  their  position  much  more  tenaciously  than 
the  associated  negative  constituents;  and  we  thus  fre- 
quently find  the  former  accompanying  the  metal  through 
a  vast  number  of  compounds.  Hence  the  group  formed 
by  the  metal  and  positive  hydrocarbons,  has  come  to  be 
regarded  as  a  compound  radical.  Thus  cacodyl  is  conceived 
to  DO  the  radical  of  the  whole  series  of  cacodyl  compounds. 
But  however  great  may  be  the  convenience  of  this  mode 
of  viewinff  organo-metallio  compounds,  it  is  a  purely 
airtificial  aistinction,  which  has  no  real  existence,  either 
in  the  case  of  or^ano-metaUic  bodies,  or,  as  I  shall  en- 
deavour to  show,  m  that  of  organic  bodies  in  general. 

1162.  "A  close  examination  of  the  habits  of  we  so-called 
organo-metallic  radicals,  shows  clearly  that  their  atomic 
power  depends  upon  their  position  with  regard  to  the 
stages  of  stability  and  maximnm  saturation.  Thus  they 
are  uniatomic  when  the  number  of  positive  sroups  is  one 
less  than  that  required  to  reach  either  the  maximum 
saturation  of  the  metal,  or  a  lower  stage  of  stability. 
Cacodyl  and  tetramethyl  -  arsonium,  for  instance,  are 
uniatomic  radicals,  -  because  thejr  are  respectively  one 
atom  short  of  the  stage  of  stability  and  of  maximum 
saturation. 
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Ab| 


stage  of  staVffitr- 

As<C,H, 

CI 


OaoodyL  Chtoride  of  oaoodyL 

Uaifttomio  stage.  Stage  of  maziiniim  aatTOmtion. 


As 


|C.H, 
|C.H. 
i  CfHs 


C.H. 


Tetraxnetlijhnooiixm.  Chknideoftetnmetli^atManM. 

1163.  "It  is  obvious  that  a  componnd  radical,  the  nnmber 
of  whose  positiye  atoms  is  below  that  of  a  staf^e  of  sta- 
bility, can  hare  a  double  atomic  character.  Thus  cacodyl 
is  sometimes  uniatomic,  as  in  oxide  of  caeodyl ;  and  some- 
times teratomic,  as  in  cacodylic  add.  Again,  arsenic- 
InoDomethyl,  As(CsH,),  is  biatomic  in  arsenious  diozy- 
methide, — 

As.      " 


is 


and  quadratomic  in  monomethylarseDie  aoid,-— 
'  C«  H| 

As , 


1164.  *'If  these  views  of  the  constitution  and  chametor 
of  organo-metelUc  bodies  and  their  compounds  be  correct, 
their  application  to  the  orffanio  compounds  oi  earbon 
becomes  inevitable.  Eegaraed  from  this  point  of  view, 
the  double  atom  of  carbon,  like  that  of  tin,  is  quadratomio 
in  perchloride  of  carbon  and  oarbonio  acid,-^ 

Perchloride  of  oarboA.  Carbonio  aoid. 

(CI  (O 

(ci  (o 
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o.i! 


and  biatomic  in  protocHloride  of  carbon  and  carbonic 
oxide, — 

Frotocfaloride  of  oarbon.  Carbonio  oxidOk 

In.  other  words,  the  auadratomio  stage  in  carbon  com- 
pounds is  the  stage  of  maximum  saturation,  whilst  the 
Diatomic  stage  is  one  of  exalted  stability.  If  we  substitute 
an  atom  of  chlorine  in  perchloride  oi  carbon  by  one  of 
ethyl,  we  produce  a  body  haying  the  formula  of  tri* 
chlorhydrine, — 

CI 
CI 
CI 

If  now  a  second  atom  of  chlorine  be  substituted  by  one 
of  hydrogen,  we  haye  a  body  exhibiting  the  composition 
o£  bichloride  of  propylene,— 

c  f'^ 

^'{    CI 
(    CI 

This  yiew  of  the  constitution  of  bichloride  of  propylene 
renders  its  relations  to  allyl  and  glycerin  compounds  at 
once  simple  and  intelligible. 

The  STibstitution  of  a  third  atom  of  hydrogen  giyes  the 
formula  of  chloride  of  propyl, — 

(C4H, 

(    CI 

whilst  the  substitution  of  the  last  atom  of  chlorine  by 
hydrogen  yields  hydride  of  propyl,  and  its  replacement 
by  ethyl  yields  the  so-called  aouble  radical,  ethyl-propel. 
It  still  remains  for  experiment  to  produce  these  bodies 
from  perchloride  of  carbon,  and  to  show  that  they  are 
identical  with  the  known  compounds  possessing  the  same 
per>centage  composition.  If,  howeyer,  we  turn  to  the 
oxygen  compounos  of  carbon,  we  are  not  entirely  without 
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ezperixnental  evidence  of  the  correctness  of  this  Tiew. 
Since  one  atom  of  oxygen  in  carbonic  acid  has  beea 
replaced  by  ethyl,  with  production  of  the  body  theoreti- 
cally indicated,  namely,  propionic  acid,— 

0.  8 

(  o 

conld  a  second  atom  of  oxygen  be  substituted  by  hy* 
drogen,  we  ought  to  produce  propionic  aldehyde,-^ 


The  replacement  of  a  third  atom  of  oxygen  by  hydrogen 
would  then  yield  propylic  ether,— 

whilst  the  replacement  of  the  last  atom  of  oxygen  by 
hydrogen  should  give  rise  to  hydride  of  propyl,  and  by 
uniatomic  peroxide  of  hydrogen,  to  propylio  alcoholt^- 

H jdride  of  propjL  Propylio  aloohol, 

fO.H.  /CH, 

C,j     2  C.)     2 

(     H  (     HO. 

1166.  The  glycols  are  also  oonstmcted  upon  the  car- 
bonio  acid  type,— 

GlreoL 

^•1     HO, 
(     HO, 

and  to  the  same  type  belongs  also  &»  teradd  alcohd, 
glycerin, — 
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ffljoerin. 

^M     HO, 
(      HO, 

Undeif  the  influence  of  iodide  of  phoBphonu,  glycerin 
yields  iodide  of  allyl,^ 


(C.H. 
(      HO, 


•|l  =  C,jC.H.. 


Here  we  have  a  reduction  from  the  carbonic  acid  to  the 
carbonic  oxide  type,  of  precisely  the  same  nature  aa  that 
which  occurs  when  cacoaylic  acid  is  reduced  to  oxide  of 
cacodyl.  Allylic  compounds  are  therefore  constructed 
upon  the  carbonic  oxide  type. 

Ottrbonic  oxide.  Iodide  of  allyl.  AUjIie  ftloohol. 


<^|8 


c.j^^'  cjc*?'- 


I  ^N     HO. 


1166.  "  It  would  be  easjr  greatly  to  extend  this  view  of 
the  constitution  of  organic  carbon  compounds ;  but  the 
above  examples  are  sufficient  to  indicate  its  gencnral 
application  somewhat  more  i^ly  than  I  have  previously 
done;  and  more  than  this  is  not  desirable,  until  ^e 
hypothesis  has  been  further  supported  by  experimental 
results. 

1167.  '*  In  conclusion,  it  is  evident  that  this  is  only  one 
mode  of  applying  to  organic  compounds  the  law  of 
chemical  combination,  which  I  have  endeavoured  to 
deduce  from  the  constitution  and  behaviour  of  or^ano- 
metallic  bodies.  Its  application  ought  to  be,  and  will  be 
found  to  be,  ec^uallv  truthful  in  referring  organic  com* 
pounds  containing  hydrogen,  oxygen,  or  nitrogen,  to  the 
inorganic  typical  compounds  of  each  of  these  elements. 
Thus,  for  example,  we  can  represent  alcohol, — 1st,  as 
derived  from  carbonic  acid, — 

2l 
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(C.H, 

0.      i 

(     HO. 
2nd,  as  derived  from  water, — 

|C,H. 

1168.  "In  like  manner,  nitrogen  compounds  and  their 
analogues,  whilst  derived  from  typical  inorganic  com- 
pounds of  nitrogen,  are  also  true  derivatives  from  the 
carbon  tjpes.  Thus,  trimethylamine  is  oorrectlj  written 
as  a  derivative  from  carbonic  acid, — 


1169.  "Each  of  these  modes  of  notation  is  equally 
correct;  but  I  conceive  that  a  large  number  of  those 
organic  bodies  which  are  usually  formulated  in  accordance 
with  the  water,  and  hydrochloric  acid  modeb,  would  be 
much  more  usefully  expressed  upon  the  carbonic  acid'sod 
carbonic  oxide  types,  and  that,  as  a  general  rule,  organic 
as  well  as  inorganic  compounds  are  most  instruetiveiy 
represented  upon  the  typical  compounds  of  the  most 
polyatomic  element  they  contain.  The  formulation  of 
organic  compounds  is  not  a  matter  of  indifference,  even 
to  the  chemical  investigator;  and  hence  every  mode 
of  expression  founded  upon  broad  chemical  relations, 
ought  to  have  the  preference  over  more  purely  artificial 
methods.* 

1170.  Dr.  IColhe's  views, — Nature,  Kolbe  belicTes,  has 
not  limited  herself  to  form  all  natural  organic  bodies  on 


*  The  student  it  referred,  for  further  informatioD  about  FrankUnd  8  viewa, 
to  the  foUowiufr  papers  by  that  chemist  :— 

(1.)  '<  On  a  New  Series  of  Organic  Bodies  containing  Metals*"^ PUIs- 
Bopkteal  TrafU€udion»f  1852. 

(2.)  "On  the  Production  of  Organic  Bodies  without  (ho  Agency  of 
Vitality ."—JToanuiZ  qfXogal  Inttihdion:'  part  Tin.,  1858. 

(8.)  "  Orgaao-Metallic  Bodies."— QiMrisr/jr  Jwrmal  Ckswueul  S^tittj. 
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the  four  types  which  G^rhardt  has  selected.  This  is 
amply  confirmed,  Dr.  Kolbe  thinks,  by  the  nnnatoral 
efforts  which  Gerhardt's  imitators  hare  been  obliged  to 
adopt  in  order  to  support  their  system.  It  has  been 
admitted  by  them  that  the  four  types  aboye  mentioned 
are  not  sufficient  for  the  production  of  the  vast  number 
of  organic  compounds  of  the  most  heterogeneous  qualities, 
and  me  most  myerse  composition.  Hence  deriyative  and 
eyen  mixed  types  have  been  assumed,  whereby  chemistry 
has  with  some  degenerated  into  a  mere  enumeration  of 
formuhe. 

1171.  By  the  deriyation  of  all  organic  compounds 
from  four  types,  the  former  are  artificially  brought  into 
mere  external  relations  to  the  inorganic  compounds. 
There  really  exists  between  both,  Elolbe  thinks,  a  much 
closer  natural  connection,  to  which,  in  his  opinion,  suffi- 
cient attention  has  as  yet  not  been  paid.  This  connection 
does  not  consist  simply  in  the  similar  elementary  com- 
position of  organic  suostancea,  nor  in  their  both  following 
the  laws  of  chemical  combination,  but  is  based  on  relations 
of  affinity.  The  organic  bodies  ofchet»istiy  are  the  direct 
results  of  inorganic  combinations,  and  are  formed  firom  the 
latter  by  marvellously  simple  processes  of  substitution. 

1172.  Elolbe  then  proceeds  to  show  the  true  connection, 
according  to  his  opmion,  which  exists  between  organic 
and  inorganic  compounds.  He  considers,  as  the  student 
will  see,  that  the  fatty  and  other  acids,  the  alcohols, 
aldehydes,  acetones,  and  hydrocarbons,  are  all  derived 
from  carbonic  acid. 

1173.  When,  in  carbonic  acid  (Ci  O4),  one  of  the  four 
atoms  of  oi^gen  is  exchanged  for  an  atom  of  hydrogen, 
formic  acid*  is  produced ;  and  when  two  other  atoms  of 
oxygen  are  replaced  by  hydrogen,  methylio  alcohol,— 

CO,  HO,C.|g^  HO,C.{g» 

1174.  Dr.  Kolbe  prefers  placing  to  the  left  of  the 
symbol  for  the  radical  the  positive  elements  which  are 
substituted  for  oxygen,  and  other  negative  members 
of  an  inorganic  comoination.  The  above  formuls  will, 
according  to  this  plan,  take  the  following  form : — 

*  Since  Dr.  Kolbe  wrote  hu  paper,  he  hM  form«d  formic  Mid  MOarding 
to  Uua  fiew  (see  par.  886). 
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Ckrbonio  amd.  Formio  Mid.  HethyKo  alfiobow 

2HO,C.O*        HO,HC.O,        H0,H,C,O 

1175.  The  fact  deserves  notice  that  the  bibasic  carbonic 
acid,  afler  parting  with  one  atom  of  oxygen  for  hydrogen, 
becomes  transformed  into  a  monobasic  acid,  formic  acid; 
and  that  oxide  of  methyl,  which  is,  according  to  Kolbe's 
idea,  formed  by  a  furtner  substitution  of  hydrogen  for 
oxygen  in  carbonic  acid,  possesses  the  same  capacity  of 
saturation  as  formic  acid.  The  reason  of  this  is  mosi 
dosely  connected  with  the  question,  Why  is  carbonic 
acid  a  bibasic  acid  P 

1176.  It  is  evident  the  capacity  of  saturation  of  car- 
bonic and  other  acids  depends  on  the  number  of  oxygen 
atoms  which  stand  outside  the  respective  radieala;  and 
they  require  as  many  atoms  of  monacid  bases  for  their 
neutralization  as  they  contain  atoms  of  oxygen  outside 
the  radicals.    The  same  law  applies  equally  to  the  bascfl. 

1177.  Nitric  acid  is  a  monooasic  acid,  because  it  is  the 
monoxide  of  the  radical  N  O4.  Sulphuric  acid  is  a  bibasic 
acid,  because  it  has  two  atoms  of  oxygen  conjoined  witii 
the  radical  S,  O4 ;  and  phosphoric  acid  is  tribasic,  becanae 
only  two  out  of  its  five  atoms  of  oxygen  belong  to  the 
radical.  It  becomes  converted  into  bibasic  and  mono- 
basic phosphoric  by  one  and  two  atoms  of  oxygen  outside 
the  radical  entering  into  the  radical,  thereby  forming  new 
radicals,  richer  in  oxygen. 

3  H  O,  (P  O9)  O,  -        -    tribasio  phosphoric  acid 
2H0,(P0.)0,-        .    bibasic 
HCCPOJO      .        -    monobasic   „ 

1178.  In  like  manner,  carbonic  acid  is  a  bibasic  acid, 
because  it  contains  two  atoms  of  oxygen  conjoined  with 
the  radical  carbonyl  (Cj  O,)  Oj.  It  is  probable  that,  as  in 
the  case  of  phosphoric  acid,  there  exists  besides  the  bibasic 
carbonic  acid,  another  isomeric  but  monobasic  acid  of  the 
composition  H  O  (C,0,)  O ;  perhaps,  also,  a  tribasio  one, 
3  H  O  (Ca  O)  Ot,  of  which  latter  we  find  derivatives  in 
oxhydrate  of  lipyl,  and  many  other  compounds. 

1179.  The  transformation  of  a  poly  basic  acid  into  one 
of  inferior  saturating  capacity  may  take  place  in  another 
manner.  We  find  that  a  diminution  of  the  capacity  for 
saturation  always  follows  when  one  or  more  of  the  atoms 
of  oxygen  outside  the  radical  is  replaced  by  heterogeneous 
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elements.  In  this  case  phosphorio  acid  is  also  tbe  best 
example ;  by  an  exchange  of  one  or  two  atoms  of  oxyp^en 
for  as  many  of  hydrogen,  it  becomes  converted  into  the 
bibasic  or  monobasic  acid,  thus  :— 

3  H  O,  (P  O,)  Of  -        -    tribasic  phosphoric  acid 
2H0,H(P0,)0,     -    bibasic 
H0,2H(P0,)0       -    monobasic     „  „ 

1179.  In  the  same  way  the  monobasic  Rulphate  of  acid 
methyl,  sulphate  of  phenjrl,  &c,,  are  derived  from  bibasic 
sulphurio  acid ;  and  bibasic  carbonic  passes,  from  similar 
causes,  into  monobasic,  formic  acid,  acetic  acid,  &c, 

2H0,(C,0,)0,  -        -        -    carbonic  acid 

HO,H(C,O0O         -        -        -    formic  acid 
H  O,  (C,  H.)  (C,  O,)  O         -        .    acetic  acid. 

If  this  substitution  extends  to  the  second  atom  of  oxygen, 
the  acid  nature  disappears.  The  resultinff  compounds, 
aldehyde  and  acetone,  no  longer  unite  with  oases  to  form 
salts. 

1180.  If  by  further  substitution  one  of  the  two  atoms 
of  oxygen  in  the  radical  is  exchanged  for  hydrogen,  so 
that  01  the  four  original  atoms  in  the  atom  of  carbonic 
acid  three  are  replaced  by  an  equal  number  of  atoms  of 
hydrogen,  the  remaining  atom  of  oxygen  goes  quite  out 
01  the  radical,  and  we  tnen  have  the  monoxide  of  a  new 
mono-atomic  radical,  methyl,  HgCi,  which  stands  to 
hydrogen  in  a  perfectly  analogous  relation.  If,  finally, 
the  fourth  atom  of  oxygen  in  the  carbonic  acid  atom  be 
replaced  by  hydrogen,  pit  gas  is  formed,  which  may 
accordingly  be  regarded  as  the  hydrogen  compound  of 
methyl.  The  different  phases  of  tnese  substitutions  are 
properly  expressed  by  the  following  formulse  :— 

2  H  O,  (C,  O,)  O,  -    carbonic  acid 

HO.H(C,0,)0-    formic  acid 

Hs  (Cs  Os)    -        -    an  as  yet  unknown  aldehyde 

HO(H,C,)0     -    methy lie  alcohol 

H4  C«,  or  Ht  Ot,  H    pit  gas. 

1181.  If  we  substitute  methyl  instead  of  hydrogen  for 
the  oxygen  of  the  carbonic  acid,  we  form,  Ist,  acetic  acid, 
then  acetone ;  and  if  we  substitute  some  of  the  oxygen 
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bjr  hydrogen,  we  form  aldehyde,  Tmic  alcohol,  Ac,  n 
•hown  in  the  following  table : — 

2H0.(C,0,)0,      .       .       .    carbonioaeid 
HO,(C,H.)(C,OJO      -        .    acetic  acid 


(^»g-)(C.O,)         .        -        .    aldehyde 
HO,(^*^|)C„0.       .        -    vinic  alcohol 
^*hV^«         -        -        -        .    hydride  of  ethyl. 

1182.  If  we  thus  replace  the  oxygen  atoms  of  carboDie 
acid  by  the  different  alcohol  radicals  and  hydrogen,  we 
should  form  the  whole  series  of  fatty  acids  and  their 
aldehydes,  acetones,  alcohols,  and  hydrocarbons ;  and  we 
see  strong  reasons  for  beliering  that  from  these  combi- 
nations  we  mieht  ascend  to  me  formation  of  starch, 
STij^ar,  gum,  and  other  regetable  productions.  The  M 
thing  to  be  done  is  to  find  out  a  method  of  conrertin^  the 
fatty  acids  directly  into  their  alcohols.  No  method  u  bX 
present  known  by  which  we  can  effect  this  transformation. 

1183.  The  fat^  acids,  their  aldehydes,  acetones,  aleo- 
hols,  hydrocarbons,  may,  according  to  their  composition 
and  their  relationship  to  carbonic  acid,  be  characterised 
as  follows : — 

1184.  The  fattr,  aromatic,  and  allied  monobasic  adds 
are  derivatiyes  of  carbonic  acid,  arising  from  Uie  subeti- 
tution  of  hydrogen  or  an  alcohol  radical  for  one  of  ^ 
two  extra-radical  oxygen  atoms. 

1185.  Acetones  are  those  deriyatiyes  of  carbonic  acid  in 
which  both  the  extra-radical  orjrgen  atoms  have  been 
replaced  by  alcohol  radicals.  Aldehydes  are  the  derirtr 
tiyes  of  carbonic  acid  in  which  one  of  the  two  eitra* 
radical  atoms  of  oxygen  haye  been  replaced  by  an  alcohol 
radical,  and  the  other  atom  has  been  replaced  by  hydrogen. 

1186.  Alcohols  are  the  deriyatiyes  of  carbonic  acid  in 
which  three  of  the  oxygen  atoms  are  replaced,  one  by  an 
alcohol  radical,  the  other  two  by  an  equal  number  o( 
atoms  of  hydrogen.    These  derivative  bodies  are  united 
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with  an  atom  of  wat«r  to  form  tbe  alcoholn.  Only  in 
methyl  alcohol  are  all  the  three  oxygen  atoms  replaced 
by  an  equal  number  of  hydrogen  atoms. 

1187.  In  the  corresponding  hydrocarbons  all  the  oxygen 
in  the  carbonic  acid  is  replaced  by  positive  radicals,  three 
of  the  atoms  being  replaced  by  an  equal  number  of 
hydrogen  atoms,  and  the  other  atom  by  an  alcohol 
radical.  Only  in  pit  gas  are  all  the  four  atoms  of  oxygen 
replaced  by  an  equal  number  of  hydrogen  atoms. 

1188.  If  attention  be  paid  to  the  formula  by  which  I 
have  exoressed  the  rational  composition  of  acetic  acid  of 
the  aldehydes  and  alcohols,  viz.  :— 

HO,(C,H,)(C,O0O      -        .        .    acetic  acid 
(^»g»)(C,0,)         ....    aldehyde 

H0,(^'5|){C,0)  .  .  -  alcohol- 
it  will  be  seen  at  a  glance  how  it  is  that  in  the  oxidation 
of  alcohol  out  of  the  five  hydrogen  atoms  in  oxide  of  ethj^l 
only  two  atoms  of  hydrogen  are  replaced ;  and  that  m 
the  oxidation  of  aldehyde  only  one  atom  of  hydrogen  is 
replaced.  It  is  those  atoms  of  hydrogen  in  aloohol  and 
aldehyde  that  stand  alone  which  ^ield  to  the  oxidizing 
influences,  and  are  much  more  assailable  by  oxygen  than 
the  more  tenaciously  combining  hydrogen  atoms  in  the 
methyl  radical. 

1189.  The  above  view  of  the  chemical  constitution  of 
the  alcohols  affords  us  hopes  of  the  discovery  of  new  and 
as  yet  unknown  alcohols,  as  well  as  of  a  new  class  of 
substances  nearly  related  to  the  alcohols  in  composition, 
sharing  with  them,  as  may  be  expected,  man^  properties, 
but  differing  from  them  in  many  essential  points. 

1190.  As  soon  as  we  possess  the  means  of  changing  all 
alcoholic  acids  by  direct  introduction  of  one  or  two  atoms 
of  hvtirogen  in  the  place  of  as  many  atoms  of  oxvffen,  we 
shall  then  not  only  oe  able  to  form  the  ordinary  aldehydes 
and  aJcohols,  but  we  may  expect  to  form  corresponding 
alcohols  and  aldehydes  from  the  derivatives  of  the  primary 
acids,  as  amido-acetio  acid,  oxyacetic  acid,  &c.  The 
following  comparative  table  of  the  formulee  in  question 
will  best  exhibit  these  relations  :* 
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HO,(C.HJ(C.OJO;  ^'l'}  (C.O.;  HO  j^g^J  C.O 

Amido-ftoetio  aoid.  Aldeh  jde  of  amido-aoetjc  acid. 

H  0, (c.  { I; jj)  (c. o.)o      (c,  j  h!n^  (c. oj      I 

Al«ohol  of  ■nudo*w>etio  add.  | 

hc^cIhIn^co 

Ozyacetio  ftoid.  Aldehyd*  of  ozjaoetio  acid. 

HO,(C,{|'oJ(C.O.)0  (c.JHb,)  (C.OJ 

Aloohol  of  ozyaoetio  arid. 

HO,  ^C,  I  HO,)  CO 

I19I.  If,  in  an  aldehyde,  the  independent  hydrogen 
atom  be  replaced  by  compound  radicals,  acetones  are 
produced. 

^»5»^(C,0,)  aldehyde 

c:h:1(c«^«' 


acetones. 


S:i:f^'«' 


Let  ns  suppose  that,  in  like  manner,  in  the  alcohols  one 
'      lof  the  •    '  .      •        •     -  •  *      • 

oms  of  mettiYi,       ^  ,        . 
new  alcoholic  compounds  of  the  following  composition  :— 


or  both  of  the  independent  hydrogen  atoms  be  replaced 


by  as  many  atoms  of  methyl,  eth]^,  &c.,  the  results  are 
lie  com| 

H  O  I  ^»^»  I  C.O,  normal  alcohol 

methylized  alcohol 


(C.H.) 
[O    C.H.[C,0, 
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H  O  ^  C,H,  >  C,0,  bimethylized  alcohol 
(C.H,) 

H  O  J  C.H,  [  CO,  methyl-ethylized  alcohol. 


C.H. 

1192.  The   methylized  alcohol  would  be  isomeric  — 
not  identical — ^with  propylic  alcohol. 


(C.H,) 
[O    C.H.    CO, 


methylized  alcohol 


H  O  I  ^*  5*  I  ^«  ^'  propylic  alcohol. 


Bimethylized  alcohol  would  be  isomeric^not  identical— 
'with  butylic  alcohol. 

1193.  Although  none  of  these  alcoholic  bodies  have  jet 
been  produced,  it  is  possible  to  predict  their  chemical 
action  in  many  points.  It  may  oe  expected  that  they 
will  form  haloid  compounds  with  the  hyarogen  acids,  like 
the  normal  alcohols ;  and  that  they  wiil  form  sulphur 
(H>mpound8,  mercaptans,  and  bodies  analogous  to  sumho- 
▼inic  acid.  But  the  bodies  formed  like  bimethyuze<l 
alcohol  will  not,  like  the  normal  alcohols,  be  transformed, 
by  means  of  oxidation,  into  aldehydes  and  acids,  as  they 
hare  not  those  two  independent  atoms  of  hydrogen  on 
which,  in  normal  alcohols,  oxidation  is  effected.  The 
bodies  like  methylized  alcohol,  which  contain  an  inde- 
pendent atom  of  hj^drogen,  will  not  Ornish  acids  by  oxida- 
tion, but  will  fnrmsh  by  oxidation  acetones. 

MeUiyUsed  aloohol.  Aoetone. 

HO  jcH!|c0  +  20  =  g|g|[C0, 

Perhaps  to  this  class  of  bodies  may  be  referred  the 
oxhydrate  of  phenyl,  and  the  analogous  alcoholic  com- 
pounds, which,  in  many  respects,  are  analogously  related 
to  the  normal  alcohols,  but  are  essentially  distinguished 
from  them  by  their  not  admitting  of  a  transformation 
into  aldehydes  and  acids.    It  is  probable  that  the  oxy- 
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hydrate  of  creavl,  HOa.CMHtO,  stands  to  the  ia 

oxhydrate  of  toluyl  in  the  same  relation  as  the  snppoeed 
bimetbylized  aleohol  to  the  isomeric  butylio  alcohoL 

1194.  The  substitution  of  positive  radicals  for  the 
oxygen  in  carbonic  acid  may  take  place  in  another  way. 
Let  us  suppose  that  in  the  group  of  atoms  (Ct09)0» 
the  oxygen  atoms  of  the  radical,  and  not  the  extra-radicsl 
atoms,  are  replaced  by  hydrogen,  methyl,  &c.,  the  result 
will  be  the  formation  of  the  bibasic  or  oiacid  compoandi 
discovered  by  Wurtz,  whose  hydrates  are  called  ^yoola. 
These  glycols  are  formed  out  of  ethylene  and  other  homo- 
logous hydrocarbons. 

1195.  These  hydrocarbons  may  be  conceiyed  to  be 
derived  from  carbonic  oxide  (C,  O2)  by  the  replacement  ci 
one  atom  of  oxygen  by  hydrogen,  and  the  replacement  of 
the  other  atom  of  oxygen  by  a  compound  radical,  like 
methyl.  These  relations  are  clearljr  seen  in  the  following 
comparison  of  the  formulee  in  question  :— 

Cs  Os,  carbonic  oxide 


C.H. 


>  Cs,  ethylene. 


As  in  their  composition,  so  also  in  their  chemical  action, 
carbonic  oxide  (carbonyl)  and  ethylene  agree  nnmis- 
takeably.  Both  are  biatomic  radicals ;  both  unite  them- 
selves directly  with  two  atoms  of  cldorine;  both  also* 
under  favorable  circumstances,  unite  with  two  atoms  of 
oxygen;  both  assimilate  the  elements  of  one  atom  of 
water,  carbonic  oxide  in  the  presence  of  an  alkali,  giving 
rise  thereby  to  formic  acid  and  ethylene  in  the  presenoe* 
of  sulphuric  acid,  forming  oxide  of  ethyl. 

1196.  This  union  of  carbonic  oxide  and  ethylene  with 
water  does  not,  as  is  evident  from  the  composition  of 
■formic  acid  and  oxide  of  ethyl,  take  place  by  the  water, 
as  such,  entering  unchanged  into  the  combination,  but  by 
a  separation  of  its  component  parts,  and  entrance  of 
hydrogen  into  the  said  radical,  whence  result  from 
biatomic  carbonic  oxide  and  ethylene  respectively,  the 
monatomic  radicals,  formyl-oxyl,  H(CflO>},  and  ethyl, 

'-Q-*>  Cs.    Carbonic  oxide  and  ethylene  act  differentiy 

when  they  unite  ynth.  chlorine  and  oxygen.    When  they 
combine  with  these  elements,  their  diatomic  character  is 
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retained  in  the  new  componnd,  for  the  two  additional 
atoms  of  CI  or  oxygen  stand  outside  the  radical.  Ex- 
amples: (CO.)  0»  oxide  of  ethylene,  (C,  j  ^«  ]^*)0„— and 

therefore  they  must,  according  to  the  law  already  stated, 
be  bibasic  and  biacid  respectively.  . 

1197.  The  reason  why  oxide  of  ethylene  and  isomeric 
aldehyde  have  different  properties,  and  are,  on  the  whole, 
quite  different  substances,  is  simply  this, — that  the  first 
contains  the  two  oxygen  atoms  outside  the  radical ;  the 
second,  the  two  oxygen  atoms  within  the  radical,  replaced 
respectiyely  by  an  atom  of  methyl  and  hydrogen,  as  is 
symbolically  expressed  by  the  following  formulae : — 

(C,0,)^»^»,      aldehyde 

/n  m  \  n  H$       chloride  generated  from  aldehyde 
(UCl,)t/,2»         by  PCI, 

(C.^^»^>)0„  oxide  of  ethylene 
(C,  I  ^•^•)C1„  chloride  of  ethylene. 

1198.  In  acrylic  acid,  in  the  acids  of  the  oleic  series, 
and  in  cinnamic  acid,  an  atom  of  a  radical,  C^H,,  i« 
substituted  for  an  atom  of  the  hydrogen  in  the  substituted 
radical  in  fatty  acid  and  benzoic  series,  thus : — 

Benxoio  add.  Cinnamio  add. 

HO,(C«H.)(C.O,)0       HO(Ca,  1^  g|)  (C.0,)0 

1199.  Kolbe  considers  that  the  bibasic  acids  of  the 
succinic  acid  series,  and  similarly  constituted  bibasic  acids, 
are  derived  from  two  atoms  of  carbonic  acid,  in  which 
two  out  of  the  four  extra-radical  atoms  of  oxygen  are  re- 
placed by  some  member  of  the  ethylene  family  of  diatomic 
radicals,  thus : — 

Double  atom  of  carbonio  add.  Snodnio  add. 

(gg'^o.  2HO,(C.H.)-(g;g;)o. 

If  we  subtract  from  these  biatomic  acids  an  atom  of 
carbonio  acid,  we  obtain  the  monatomic  alcohol  acids, 
thus: — 
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Bnooiaie  Add.  Propjonie  mad. 

2H0,(aHJ(g»g|)0,-C,0,=  H0,C,H,(C,OJ0 

1200.  This  transformation,  Kolbe  thinks,  may  probaHf 
be  effected  by  heating  the  bibasic  acids  along  with  hjdnto 
of  potash  in  excess,  up  to  a  definite  temperature,  whki 
must  of  coarse  be  lower  than  that  at  which  the  tnonohmse 
acids,  which  are  supposed  to  result,  would  be  themsehrs 
decomposed  by  the  potash.*  Perhaps  these  bibasic  acsda 
in  the  first  sta^e  of  their  transformation,  might  asaimiiatr 
the  elements  of  an  atom  of  water,  and  thus  become  coo- 
verted  into  tribasic  acids;  thus,  succinic  acid  would  beeome 

3HO,(C4H.)(q'qOo„  which  in  the  second  stage  of 

decomposition,  at  an  increased  temperature,  might  separate 
into  propionic  acid  and  carbonic  acid. 

1201.  Kolbe  supposes  that  citric  acid  and  aoonitic  add 
are  derived  from  tnree  atoms  of  carbonic  acid,  in  whkb 
three  out  of  the  six  extra-radical  atoms  of  oxygen  are  re- 
placed by  a  teratomic  radical. 

1202.  Of  the  organic  derivatives  of  sulphniic  acid, 
Kolbe  remarks,  there  have  hitherto  been  known  almost 
only  those  which  stand  to  it  in  the  same  relation  ss 
the  alcohol  acids,  the  acetones,  and  the  acids  analogous  to 
succinic  acid  stand,  in  respect  to  their  composition,  to 
carbonic  acid.  He  shows,  by  the  following  examples,  thst 
there  is  a  correspondence  between  the  derivatives  of  ei^ 
bonic  acid  and  sulphuric  acid. 

Csrbonie  Mid.  Salpharie  meiA* 

(C.0.)0.  (S.OJO. 

Propionio  add.  Ethyl-ralphoric  aoid. 

H O,  (C, H.)  (C, 0.) O         HO, (0. HJ  {Sfi.) 0 

Propione.  Unknown. 


Chlor-propionic  acid.  Chlorethjl-tulplniric  adcL 

HO,(c.{g*)  (c;o,)o       Ho,(a  jg')(8.ojo 

*  Koch  has  since  effected  this  trausformatioa  in  the  above  way.- 
119.  p.  173. 
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AmidopfTopiotiio  aoid  (abmne).  Amidoetiijl-aiilphiirio*  mead  (tMuioA). 

H  o.  (a  \  gu)  (C.OJ O      HO. (C,  ] g; jj)  (S,O0 o 


*  Some  j«»n  Ago,  Stredker  disoovered  that  isethionftte  of  ammonift,  when 
heated  to  210^0..  gives  ojQT  water,  and  ia  oonTerted  into  taarine.  8ab- 
aec^aentlj  G-ibbe  disoovered  that,  when  taurine  is  treated  with  nitrons  add, 
it  18  oonTerted  into  isethionio  acid.  These  experiments  i>roTe  the  existence 
of  intimate  relations  between  taurine  and  isethionio  add;  bat  as  taurine 
does  not  eliminate  ammonia  when  heated  alons  with  hydrate  of  potadi 
uiUil  it  arriTes  at  its  melting  point,  and  it  is  at  that  temperature  completely 
decompoeed,  it  proves  that  taurine  is  not  the  amide  of  isethionio  acid. 

These  experiments  led  Kolbe  to  the  conclusion,  which  is  exhibited  in  the 
above  table,  that  taurine  is  related  to  isethionio  add  in  the  same  manner  as 
alanine  to  lactic  acid ;  as  these  last  two  bodies  may  be  regarded  as  deriva- 
tivea  of  ethyl-carbonio  (propionic)  add,  alanine  as  amidoethyl-carbonio 
aeid,  and  lactic  acid  as  oxyethyl-carbonio  add,  so  likewise  ma;r  taurine  and 
isethionio  be  viewed  as  derivatives  of  ethyl-sulphuric  add,  vis.,  taurine  as 
amidoethyl-snlphuric  add,  and  isethionio  add  as  o^ethyl-sulphurio  add ; 
these  relations  are  exhibited  in  the  above  table. 

The  follovring  objection  might  be  raised  against  the  assumption  that 
taurine  and  alanine  are  so  nearly  related  as  these  formuln  indicate,— taurine 
does  not  possess  the  power  which  is  common  to  glvcocine,  alanine,  leucine, 
aspartio  acid,  amidobensoic  add,  and  amido  acios  in  general,  of  forming 
aaUne  compounds,  both  with  bases  and  with  adds.    But  Kolbe  points  out 
that,  independenUy  of  the  fact  that  the  organic  derivatives  of  sulphuric  add 
differ  in  many  pdnts  firom  those  of  carbom'o  acid,  the  following  considera- 
tion is  of  especial  importance.    It  is  reasonable  to  suppose  that,  by  the  intro< 
duotioa  of  amidoffen  into  the  ethyl- molecule,  the  acid  properties  of  ethyl- 
sulphurio  acid  will  be  weakened,  as  the  properties  of  ethyi-earbonio  (pro- 
pionio)  are  weakened  in  alanine.    As  ethyl-smphuric  add  is  a  more  powei^fhl 
add  than  ethyl-carbonic  add,  it  is  not  suprising  Uiat  the  wes^  basic  pro- 
perties which  the  amidated  propionic  add  possesses,  are  not  possessea  by 
anudated  ethvl  sulphuric  add,  but  that  this  possesses  weak  amd  properties. 
Dr.  Kolbe   also  thought  anudated  ethyl-sulphuric  aoid  might  possess  pro- 
perties which  had  not  hitherto  been  actually  observed  in  pure  taurine :  he, 
therefore,  prepared  some  pure  taurine  firom  ox-bile,  in  order  carefully  to 
study  its  chemical  properties.     He  found  from  these  experiments  that 
taurine  cannot  combine  with  adds;   that,  unlike  alanine,  it  cannot  form 
ajstaUisable  oomponnds  vrith  salts,  when  its  aqueous  solution  is  evaporated 
vnth  a  solution  of  a  salt,  say,  chloride  of  potassium ;  that  a  solution  of  it  in 
H  CI  does  not  yield  a  compound  with  Ft  CI,.    Although  he  did  not  obtain 
anr  salts  in  the  BoUd,  he  found  that  taurine  is  a  weak  aoid,  and  not,  as 
hitnerto  supposed,  an  indifferent  body.    These  experiments  show  that  as  the 
bado  properties  of  aniline  are  weakened  in  trichloraniline  by  the  introduc- 
tion of  clw>rine,  in  like  manner  the  acid  properties  of  ethyl-stuphuric  add  are 
weakened  in  taurine  by  the  substitution  of  amidogen  for  hydrogen. 

Very  recently  (sinoe  his  paper  on  the  classiiioation  of  bodies  was  printed) 
Dr.  Kolbe  has  attempted,  with  perfect  success,  to  confirm  hj  experiment 
this  conjecture  of  lus,  "  that  taurine  is  related  to  isethionio  acid,  and  in  the 
same  manner  as  alanine  is  to  lactic  add."  The  next  important  point  for  the 
student  to  learn  is,  on  what  suggestion  Dr.  Kolbe  acted  in  trying  to  prove  his 
conjecture  bv  experiment.  The  following  was  the  suggestion ;— If  isethionio 
acid  be  really  constituted  similarly  to  lactic  acid,  as  above  suggested,  it 
might  be  expected  to  exhibit,  under  the  influence  of  pentachloride  of  phos- 
phorus, a  transformation  similar  to  that  of  lactic  add,  yidding,  in  fact,  the 
chloride  of  ohlorethyl-sulphurio  add,  thus : — 
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OzjpropioBio  Mid  (ImUo Mid) .       Ozyethyl-mlphorie Mid)  iM^hionk  Mid' 

H  o.  (a  j  ^q)  (Coj  o    h  o,  (c.  j  J^')  (s,oj  o 

Saooioio  and.  Dinilpetlijl  toid. 

2  H  o.  (a  H,)'  (^'g;)  o.      2  H  o.  (a  ho*  (|;  g;)  o. 

Benioio  Mid.  Phenyi-anlphiirie  acid. 

H O, (Cu H»)  (C, O,) O  HO,  (Cx, a)  (S, O.) o 

Bensopheoon*.  SvlphobeiiBde. 

Cvbanalid  Mid.  SolphMalid  acid. 

HO, (^"g»|]sr)(c.o.)o  ho,(^"5'[n)(s,ojo 


LMUfofpotMh.  ^pis^cisr 

Ko.o.{g*oJ  [c.o.]o  +  2Pci.  =  o.  {g*}[c,o.]ci+ 

KCl  +  HCl  +  SPO.Ol. 
iMUucmaaofpotMh:  ^SphSri?io"iI^^'" 

KC1+  Ha  +  2Po.a, 

It  might  fVirther  be  expected  that  the  ohlorethjl-siilphuric  add  reaoItiBi; 
from  the  action  of  water  on  this  chloride,  wonld  be  converted  br  appropriate 
treatment  with  ammonia,  into  taorine,  jost  aa  the  analo^aafjr  conatatated 
eompoond,  chloropropiouic  Mid,  is  thereby  converted  into  alanine. 

(1.)    H0.C,{fi*}[c.0.]0  +  2H,N  =  H0,C.jg*jj} 

[c,0,]0  +KH*Cl 
(2.)    H0,C,{^j4[fl.0.]0  +  2H,N    =HO,C.{g*^} 

[fl.O.jO  +  NH.Cl 

The  resnlts  of  Kolbe's  experiments  completely  fVilflUed  these  ei 
He  obtained,  Ist,  chloride  of  chlorethyl-snlphuric  Mid  in  the  i 
2nd,  he  obtained  taurine  from  this  compound,  by  the  action  of  i 
in  the  way  just  indicated.* 

*  The  student  is  referred,  for  farther  information  with  rM;ard  to  these 
experimental  results,  to  Kolbe  t  paper  in  toL  xt.,  p.  M^  Journal  qf  tke 
Gknneal  Soeitty. 
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Amidobansoio  aoid. 

H  O.  (C„  j  g;  jj)  (C,  O.)  OHO,  (c„  1 1*  jj)  (8.  oo  o 

Oxfbensoio  aoid.  OzTphenyl-sQlphario  add. 

HO.  (0„  j|*o^)  (CO.)  OHO.  (0„  { |*o^  (8.0,)0 

Phtlialio  aoid.  Diaulphobeiiiole  add. 

2  H  O.  (C„  H*)'  (g  g;)  O,     2  H  O.  (C„  Hj'(|;  g;)  o, 

1203.  The  above  comparisons,  when  farther  extended, 
nfford  hopes  of  a  discovery  of  different  new  combinations. 
It  may  be  assumed,  for  instance,  with  tolerable  proba- 
bility, that  among  the  derivatiFes  of  sulphuric  acid,  there 
exist  compounds  of  the  constitution  of  tne  aldehydes  and 
alcohols  of  perhaps  the  following  composition : — 

Aldehyde. 

(^'h')  (0.0.)  (^'gO  (8,0J 

Alcohol. 

H 0(^*5'^)  (CO) 
H0(^«  H*.)  (^'  ^»^  O  ;  or,  H  0((^'  ||)>)  S„  O 

1204.  Dr.  Kolbe  now  regards  the  compound,  which  four- 
teen years  ago  he  described  as  sulphuric  acid  and  super- 
chloride  of  carbon  (C  Cl„  S  O,),  as  the  derivatiye  of  blbasic 
sulphuric  acid,  which  contains  one  of  the  two  extra-radical 
oxygen  atoms  replaced  by  trichloride  of  methyl,  the  other 
by  an  atom  of  cnlorine,  viz.,  (CjCl,)  (SjO^)  C5l.  He  con- 
siders that  the  compound  which  has  been  described  as  the 
sulphuric  acidized  chloride  of  carbon,  C  CI,  SO,,  and  which, 
on  accoimt  of  its  instability,  has  never  been  isolated,  is 
the  aldehyde  of  triohlor-methyl-sulphuric  acid ;  its  formula 

would,  according  to  this  idea,  be  (  *  -^^  (S1O4).  He  thinks 

that  the  formation  and  chemical  reactions  support  this 
view  of  its  constitution. 

1204.  It  has  been  previously  noticed  that  he  considers 
sttcdnio  is  derived  from  two  atoms  of  carbonic  aoid,  2  H  O, 
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(C4  HO'  (q*  q*)  0„  and  disulphethylio  acid  from  two  aftons 

of  Bolphupic  acid,  2  H  O,  (C.  H,)'  (||  3^)  O,:  as  the  donbb 

radicalfl  (^»^«)  and  (f^*)  areofeqnalyalue.itis  erident 

that  no  change  would  take  place  in  the  capacity  for  aato- 

ration  if  in  the  donble  radical  (q'q)  one  of  the  tro 

radicals,  C|  Oa,  were  replaced  by  S,  O4 ;  there  would  result 
a  bibasic  acid  of  this  composition,— 

2HO,(aH.)'(^;g;)o. 

There  actaally  exists  not  only  this  compound,  but  a 
whole  series  of  acids  of  a  similar  composition.  To  theae 
belong, — 

Acetic  sulphuric  acid      -    2  H  O,  (C.HJ'  (g|  q')  O, 
Propionic  sulphuric  acid      2  H  O,  (C4  H4)'  (^*  q^  O, 

Butyric  sulphuric  acid     -    2  H  O,  (C,  H.)'  (2*  q')  O, 

Benzoic  sulphuric  acid    -    2  H  O,  (C„H,)'  (g  *  q«)  O, 

1205.  The  above  compounds  have  not,  as  yet,  been  pro- 
duced from  the  corresponding  bibasio  acids  containing  the 

double  radical  (p'  q|)  ,  but  from  the  corresponding  mono- 
basic acids,  yiz.,  acetic,  propionic,  butyric  acids,  Ac,  by 
treatment  with  sulphuric  acid.    Example : — 

Aoetio  Mid. 

HO,(C.H0  (C.O.)  O  +  (S,0«)  0.= 

Aoetio  ralphario  aoid. 

»HO,(C,H.)'(gg«)0, 

1206.  The  transformation  noticed  by  Hoffmann  and 
Backton,  which  acetic  acid  experiences  when  continuously 
treated  with  sulphuric  acid,  i.e.,  its  change  into  disul. 
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phometholic  acid,  consists  in  a  simple  sabstitution  of  the 
radical  Si  O4  for  Cs  Oj  in  the  doable  radical,  as  is  expressed 
by  the  following  equation : — 

Aoetio  salpfanrio  acid. 

2H0,(C,H,r  {qIo\)  ^'  +  (S.OJ  0.= 
2HO,(C,HJ'(|;g*)0,  +  C.O, 

In  the  same  way,  disulphethoUc  acid  is  formed  from 
propion-sulphuric  acid,  thus : — 

Propiioii*4niIphiirio  Msid. 

2  H  O,  (0.  H,)'  (^'  Q*)  O,  +  (8,00  O.  = 

Disnlphetholio  Mid. 

2HO,(C.H.r(|;g;)o.  +  c,o. 

1207.  From  these  bibasic  acids  may  be  produced,  by 
continued  treatment  with  sulphuric  acid,  new  tribasic 
acids,  if  only  we  assume  that  sulphuric  acid  will  act  on 
propion-sulphuric  acid  and  disulphetholic  acid,  as  it  does 
when  propionic  acid  is  chaoged  into  propion-sulphuric 
acid,  thus  :-— 

PropioiMuIphario  add. 

2  H  O.  (C.HJ  (gg|)  O,  +  (8. 00  O.  = 

/C.O,x 
3H0,(C.H.)"'(8,0J0, 
^8, 0/ 

Dimilphoefholio  aoid. 

2  H  O,  (C.H.)'  (||g|)  O,  +  (8,00  O.  = 

3H0,(C,H.)'"(S,0.)0, 
V8.0/ 

Nather  of  these  two  tribasic  acids  has  been  produced, 
2u 
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but  Bucoinic  sulphuric  aoid,  8  H  O,  (C«  H,)'"  (0,0,)  O., 

•  Vs,o/ 

is  a  tribasio  acid  of  a  similar  composition,  and  its  origin, 
from  succinic  acid  and  sulphuric  acid,  is  <^uite  analogous 
to  that  supposed  transformation  of  the  bibasie  propion* 
sulphuric  acid  into  the  above  as  yet  unknown  tricMuuo 
acid,  as  is  shown  by  the  following  equation: — 

Saocinio  add. 

2HO,(C.H«)'(gg;)0,  +  (S,O0O.= 

SUooinio  lalphano  «eid. 


3Ho,(aH.r|'c!o!)o. 

\S,0/ 


1208.  Kolbe  considers  that  the  composition  of  succinic 
sulphuric  acid  affords  a  strong  argument  for  the  possi- 
bility suggested  by  him,  of  the  existence  of  similarly  con- 
stituted tribasic  acids,  which  are  derived  from  three 
atoms  of  carbonic  acid,  and  to  which  belongs  citric  acid. 

1209.  The  views  of  Eolbe  on  the  organic  compounds  of 
nitrogen  I  have  not  given,  as  the  views  of  Hofmann  are 
already  so  fiilly  given  in  a  former  part  of  the  work.  For 
further  information  about  Kolbe's  views  the  student  is 
referred  to  the  following  papers : — 

1st.  Kolbe  "Uber  de  Eationelle  Tusammensetzung 
Organischen  Verbindungen." — Aunal.  der  Chemie,  Band, 

XXV. 

2nd.  Kolbe  "tJber  den  Naturlichen  Tusammentung 
der  Organisch^i  mit  den  Inorganischen  Yerbindungen." — 
Annal  der  Chemie,  Baud,  cxiii.,  293. 


APPENDIX  M. 


1210.  In  this  Appendix  we  shall  give,  from  Dr.  Frank- 
land's  paper  on  organo-metallic  bodies,  some  extracts  on 
the  formation  of  these  bodies. 

1211.  Organo-metallic  bodies  admit  of  being  produced 
by  a  great  variety  of  processes;  but  these  numerous 
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methods  of  formation,  with  yery  few  exceptions,  admit  of 
being  grouped  nnder  four  h^ads. 

1.  JFarmation  hy  union  qf  the  organic  radical,  in  statu 
naseenti,  vfith  the  metal. 

By  this  method  the  metal  of  the  or^no-metallic  body 
is  brought  into  oontaot  with  the  iodide  of  the  alcohol 
radical;  an  iodide  of  the  metal  is  formed  along  with  the 
orsrano-metallic  body. 

By  this  method  the  organo  compounds  of  zinc,  cadmium, 
magnesium,  aluminnm,  are  formed.  Although  the  organo 
compounds  can  be  formed  by  other  processes,  this  is  the 
most  convenient  method  of  producing  them ;  and  all  the 
different  series  can  be  prepared  in  thia  way,  except  the 

two  series  whose  general  formula  are  Sn,  ■<  E  -|-  and 

rE-h 

Sns<-p]t.    The   first   of  the    organo    compounda    of 


)e  + 

•)E-h- 
CE-h 


mercury  can  be  prepared  by  this  method,  but  not  the 
second  series;  but  the  members  of  the  second  series  are 
readily  obtained  by  the  action  of  an  organo-zinc  com- 
pound upon  those  of  the  first. 

2.  JPormation  of  organo-metallic  bodies  hy  the  action  of 
the  respective  metals,  alloyed  with  potassium  or  sodium, 
upon  the  iodides  of  the  alcohol  radicals. 

The  principles  involved  in  this  second  general  mode  of 
production  are  essentially  similar  to  those  in  the  first; 
Dut  there  is  less  tendency  to  form  compounds  containing 
negative  as  well  as  positive  radicals.  Hiis  method, 
although  not  capable  or  such  general  application,  is  more 
especiidly  adapted  to  the  formation  ot  the  organic  com- 
pounds of  the  polyatomic  metals.  The  simultaneous 
production  of  an  organo  potassium  or  sodium  compound 
need  not  be  feared,  since  such  compounds  cannot  exist  in 
the  presence  of  the  iodides  of  the  alcohol  radicals.  This 
mode  of  formation  we  will  illustrate  by  one  example : — 

By  this  method  the  arsenic,  antimony,  tin,  lead,  and 
bismutix  organo  compounds  can  be  prepared. 
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Organo-tellurittm  oomponnds  are  formed  by  a  modi> 
fication  of  thu  method,  which  oonaiBts  in  dintiHmg 
telloride  of  potassium  with  sulphoTinate  of  potaah  and  its 
homolognes.    Example : — 

Solpho-mcthylate  of  potaksdnm. 

2  (C,H,0,S  0,+  KO,  8 O.)  +  2KTe  = 
Te,|gg|  +  4(E:0,SOs) 

3.  Formation  qf  organo-metalUc  bodies  by  the  txetiom  qf 
the  zinc  compounds  of  the  organie  radicals  upon  the  haloid 
compounds,  either  of  the  metals  themselves,  or  <^  tkdr 
organo'derivatives. 

For  the  production  of  organo-metallic  bodies  containing 
less  positiye  metals  than  zino,  this  method  is  perhiC^  not 
only  the  most  convenient,  but  also  capable  of  the  moat 
general  application.  Compounds  containing  mereuiy, 
tin,  lead,  antimony,  and  arsenic,  have  been  thus  pro- 
duced ;  but  it  has  failed  when  apnlied  to  the  haloid  oom- 
poimds  of  copper,  silver,  and  platinum;  for  although 
these  bodies  are  violently  acted  upon,  the  organic  group 
does  not  unite  with  the  metals. 

4.  Formation  of  organo-metaUio  bodies  by  the  dimlace- 
ment  qf  a  metal  in  an  organO'metalUc  compound  hy  am- 
other  and  more  positive  metal, 

Wanklyn,  to  whom  we  are  indebted  for  this  mode  of 
formation,  regards  this  displacement  of  one  metal  by 
another  as  a  case  of  true  electrolytic  decomposition. 
He  thinks  that  in  zinc-ethyl,  for  instance,  eth^  is  the 
electro-negative,  and  zinc  the  electro-positive  member. 
Sodium  being  more  electro-positive  than  zinc,  replaces 
the  latter  metal,  and  forms  sodium-ethyl.  But  he  sup- 
poses that  when  the  original  organo-metallio  body  con- 
tains a  metal  less  electro-positive  than  the  hydrocarbon 
radical,  then  the  latter,  and  not  the  metal,  would  be 
eliminated  by  contact  with  a  more  |)08itive  metaL  Ca- 
codyl,  for  instance,  when  treated  with  sodium,  should 
give  methyl  and  arsenide  of  sodium : — 

.     <C,H.  .  N-  _  As  ^^*  ^  ^«^l 
This  view,  the  correctness  of  which  is  more  than  probable. 
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is  Bupported  by  the  action  of  potaflaium  and  of  zinc-etliyl 
upon  ammonia:— 


2NJH  +  Zn,|g|f'  =  2NlH%2^*g' 


In  aooordanoe  with  this  hypotheBis,  Wankhrn  considers 
that  the  ethyl  in  sodium-ethyl  would  be  aisplaoed  by 
eopper,  mercury,  platinum,  &o. ;  and  that  sodium-ethyl  is 
only  in  equilibrium  with  bodies  whose  respective  positions 
in  the  electrical  scale  are  either  both  of  them  within,  or 
both  of  them  without,  the  space  lying  between  the  eleetro- 
positiye  sodium  and  the  electro-negative  ethyl. 

This  fourth  mode  of  producing  organo-metallic  bodies 
has  hitherto  been  applied  only  to  the  formation  of  sodium 
and  potassium  compounds,  or  ratiier  double  compounds 
of  these  bodies  with  zinc-ethyl,  according  to  the  following 
reactions: — 

»2«.ig:l:+N.,=(2Zn.|g;g;+N..jg;g;)+Zn, 

82»'ic:H.+^  =(2z-.ig:]£+K.|8:H:)+zn 

Sodium  also  displaces  mercury  from  mercuric  ethide ; 
sodium-ethyl  seems  to  be  formed,  but  the  exact  nature  of 
the  reaction  has  not  been  ascertained. 


CHAPTER  Xn. 

ATOKIO  VOLUMES  OF  SOLIDS  AND  LIQUIDS. 

IntroducHon,  1212.    AUmie  volume  qf  solids,  1217. 
Atomic  volume  qf  liquids,  1220. 

1212.  Specific  gravity,  or  specific  weight,  is  the  com- 
parative weight  of  equfU  hulks  of  different  substances ; 
consequently,  the  greater  the  number  of  atoms  of  a  body 
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in  a  given  space,  and  the  greater  the  weight  of  those 
atoms,  the  greater  mast  be  the  specific  gravity  of  the 
body.  Now  if  the  atomic  weight  of  a  body  ana  the  sise 
of  its  atoms  were  known, — in  other  words,  the  number  of 
atoms  of  the  body  which  occupied  a  given  balk, — the 
specific  gravity  of  a  body  coula  be  calculated ;  for  thii 
weight  must  necessarily  be  the  product  of  the  atomic 
number  and  the  atomic  weight ;  since  if  the  atoms  of  two 
or  more  bodies  are  of  the  same  size,  they  will  occupy 
equal  volumes ;  the  specific  gravity  of  these  bodies  inl 
therefore  vary  as  their  atomic  weights;  for  exsmfiea 
see  the  87th  and  following  paragraplu.  Atomic  volumes 
are  therefore  determined,  as  we  have  seen  (111)  already, 
by  dividing  the  atomic  weights  by  the  specific  gravities. 
Atomic  or  equivalent  weights  give  the  relations  by  weight ; 
atomic  or  equivalent  volumes*  give  the  relations  by 
volume  in  which  bodies  unite  to  form  chemi<»I  oom- 
'  pounds. 

1213.  It  will,  perhaps,  be  more  clearly  seen  what  is 
understood  by  the  numbers  indicating  the  equivalent  or 
atomic  volumes  of  substances,  if  we  represent  the  equi- 
valent weight-s  as  numbers  of  grammes.  Assuming  Uiat 
the  equiviuent  of  oxygen  is  100,  the  equivalent  of  sulphur 
is  200,  zinc  4f)6,  ana  silver  1,360.  ^ow  if  we  represent 
these  numbers  as  so  many  grammes,  then  406  grammes  of 
zinc  and  1,360  grammes  of  silver  combine  chemieallv 
with  200  grammes  of  sulphur.  If  we  consider  that  all 
statements  regarding  specific  weights,  both  of  solid  and 
fluid  bodies,  are  calculated  on  the  assumption  that  that  of 
water  is  unit^f,  and  that  1  cubic  centimeter  of  water 
weighs  1  gramme,  then  it  follows  that  the  specific  weights 
of  bodies  express  the  number  of  grammes  that  1  cubic  cen- 
timeter of  the  body  weighs.  Thus  the  numbers  I'd9  and 
6*96,  the  specific  weights  of  sulphur  and  zinc,  indicate  that 
1  cubic  centimeter  of  sulphur  and  1  cubic  centimeter  (^ 
zinc  weigh  respectively  1*99  and  6*96  grammes.  No* 
since  the  equivalent  volume  is  obtained  on  dividing  the 
equivalent  or  atomic  weight,  supposed  to  be  expresMd  in 

*  Diflfbrent  terms  have  been  used  to  express  the  equTsJsnt  to1iibms> 
Kopp  employs  the  term  tpeci/te  volume,  since  it  is  a  relative  number,  lika 
the  speoifio  gravity.  If,  mstead  of  equivalents,  we  speak  of  atom;  the  tsra 
eqtmaleni  voluuu  becomes  naturally  converted  into  atom  volmme, — a  tena 
flrst  employed  by  Damas.  Sohrdder  empbyed,  at  the  soKgeation  of  Ber> 
aenw,  the  term  moleoular  votooM. 
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grammes,  by  the  specific  gravity  (tke  weight  of  one  cubic 
centimeter  expressed  in  grammes),  it  fellows  that  the 
quotient,  the  equivalent  or  atomic  volume,  indicates  the 
number  of  euhte  centimeters  occupied  by  that  number  of 
grammeiottiie  body  which  expresees  its  equivalent  toeighU 
If  we  know,  for  example,  that  the  equivalent  or  atomic 
weight  and  the  equivalent  or  atomic  volume  of  sulphur 
are  respectivelv  200  and  100,  and  that  for  zinc  they  are 
4M  and  58,  then  we  can  readily  understand  that  200 
grammes  of  sulphur  occupy  a  space  of  100  cubic  centi- 
meters, and  40d  grammes  of  zmc  a  space  of  58  cubic 
centimeters. 

1214.  As  the  equivalent  weights  and  the  specific  gravities 
from  which  the  atomic  numbers  are  calculated  are  not  abso- 
lute, but  only  relative  numbers,  the  numbers  obtained  for 
the  equivalent  volumes  can  only  be  relative ;  therefore, 
when  we  speak  of  the  atomic  volumes  of  bodies,  we  do  not 
mean  the  absolute  size  of  the  atoms,  for  this,  like  the 
absolute  weight  of  the  atoms,  cannot  be  ascertained,  but 
only  their  relative  size  (see  par.  89).  That  we  only  ob- 
tain relative  numbers  as  regards  the  atomic  volumes,  is 
at  onee  apparent,  when  we  consider  that  different  numbers 
for  the  equivalent  volumes  are  obtained,  according  as 
we  employ  atomic  numbers  on  the  hydrogen  (=  1),  or 
oxvgen  (=  100)  scale ;  but  the  relation  of  tne  equivalent 
volumes  remains  still  the  same,  whichever  scale  we  adopt, 

]*ust  as  the  relation  of  the  equivalent  weights  is  unaffected 
ly  the  adoption  of  either  of  the  scales. 

1215.  Aa  the  numbers  expressing  the  equivalent  volumes 
are  deduced  from  the  equivalent  weights  and  specific 
gravities,  it  is  evident  that  the  aocuracjr  of  these  numbers 
is  dependent  on  the  accuracy  with  which  the  equivalent 
weights  and  specific  gravities  have  been  determined. 
I^ow  the  former  are  only  approximations,  and  the  specific 
gravities  of  the  same  substances,  especially  bodies  m  the 
solid  state,  is  frequently  very  variable.  Thus  platinum,  in 
a  pulverulent  state,  reduced  from  its  oxide  ana  the  double 
cmoride  of  platinum  and  ammonium  respectively,  is  found 
to  have  the  specific  gravity  17*766  in  tne  first  case,  and 
21*206  in  the  second ;  ^e  numbers,  therefore,  expressing 
the  atomic  volumes  can  be,  at  best,  but  approximations ; 
and  in  some  cases  they  cannot  even  lay  claim  to  this 
degree  of  accuracy. 


i 
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1216.  As  different  solid  and  fluid  bodies  have  not  tke 
same  degree  of  cohesion,  and  as  they  expand  in  differeBt 
degrees  for  an  equal  amount  of  heat,  it  will  be  obTioas 
that  the  difficulty  of  reducing  the  results  obtained,  with 
reference  to  the  atomic  volume  of  solid  and  fluid  bodies, 
to  general  laws,  will  be  very  much  greater  than  in  the 
case  of  gases,  where  these  disturbing  causes  are  absents 

1217.  Atomic  volume  of  solids^^^-^e  have  pointed  out 
the  causes  which  hinder  our  arriving  at  any  general  laws 
with  regard  to  the  atomic  volume  of  solids  and  liquids ; 
but  although  these  disturbiuj^  causes  afiect  liquid  bodies, 
they  affect  solid  bodies  in  a  still  greater  degree,  inasmuch 
as  our  knowledge  of  the  expansion  of  solid  bodies  by 
heat  is  much  more  limited  than  that  of  liquids.  **  It  is 
probable  that  the  atomic  volumes  of  solids  should  be 
compared  at  their  melting  points,  since  it  is  only  at  tiiose 
temperatures  that  the  effects  of  heat  upon  different  solids 
can  be  said  to  be  equal.  Now  the  specific  gravity  of 
most  solids  is  determined  only  at  medium  temperatures, 
from  which  the  melting  points  of  different  solids  are 
separated  by  intervals  of  very  different  masnitude; 
moreover,  there  are  but  few  solids  whose  rate  of  expan- 
sion at  different  temperatures  has  been  ascertuned  with 
sufficient  accuracy  to  render  it  possible  to  calculate  the 
speoiflo  gravities  at  the  melting  points.  A  furtiier  oom- 
plication  arises  from  the  different  densities  which  the 
same  solid  often  exhibits,  according  as  it  is  amorphous  or 
crystalline,  or  according  to  the  piurticular  form  m  whieh 
it  crystallizes."  Metals  have  their  spedfic  gravities 
altered  by  hammering;  their  equivalent  volumes  are 
therefore  altered  by  the  same  cause.  Dimorphous  sub- 
stances, in  their  two  forms,  have  different  specific  gravities; 
they  have  therefore  two  different  equivalent  volumes. 

1218.  Eopp,  Schroder,  and  other  chemi<»l  i^oso- 
phers,  who  nave  devoted  themselves  to  the  consiaerataon 
of  atomic  volumes,  believe  that  they  have  discovered 
the  laws  regarding  the  relation  of  the  equivalent  volume 
of  a  compound  to  that  of  its  constituents ;  but  as  these 
supposed  law%  do  not  appear  to  be  founded  on  a 
sufficient  number  of  well-established  facts,  we  shall  pass 
them  over.  AU  that  is  really  known  with  respect  to  the 
relation  in  which  equivalent  volumes  of  compound  sub- 
stances stand  to  the  equivalent  volume  of  tneir  oonsti* 
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tnents,  may  be  stated  in  a  few  words  :~In  a  few  cases  the 
equiTalent  Tolame  of  the  compound  is  the  sum  of  the 
eamralent  yolumee  of  its  constituents ;  but  in  the  majority 
oi  cases  condensation  occuTs,~no  doubt,  according  to 
certain  laws,  although  they  do  not  appear  to  be  so  simple 
as  those  which  regulate  the  combination  of  sases. 

1219.  Eopp  considered  that  the  binary  &eory  of  salts 
was  supported  by  the  atomic  volume  of  salts  (see  par. 
226).  He  based  his  arguments  upon  the  observation 
made  by  Schroder,  that  if  from  the  calculated  specific 
volume  of  a'  series  of  analogous  combinations,  such  as 
the  oxides,  the  volumes  of  the  metals  (the  varying  con- 
stituent) be  deducted,  the  same  number  is  often  obtained 
to  express  the  volume  of  the  common  constituents.  Thus, 
on  subtracting  from  the  specific  volume  of  the  nitrates 
the  volume  of  the  metals  entering  into  their  composition, 
the  number,  358,  which  expresses  the  specific  volume  of 
2^  0«,  is  always  obtained  as  the  remainoer.  Proceeding 
in  like  manner  with  the  carbonates,  we  obtain  the  number 
151  for  the  volume  of  C  Os.  Eopp  supposed  that  he  had 
deduced  from  these  views  additional  arguments  in  support 
of  the  binary  theory  of  salts ;  but  if  the  student  wiU  refer 
to  a  memoir  by  Filhol,  on  the  volumes  of  bodies,*  he  will 
0ee  that  these  results  of  observation  can  be  explained 
quite  as  well  by  the  older  view  of  the  constitution  of  salts. 

1220.  Atomic  volume  qf  liquids, — We  shall  only  lay 
before  the  student  a  very  brief  outline  of  the  results 
at  which  Kopp  has  arrived  in  his  investigations  on 
the  atomic  volumes  of  organic  liquids,  as  the  numbers 
obtained  can  only  be  considered  approximations,  more  or 
less  remote,  to  the  true  atomic  volume  of  liquids. 

1221.  As  liquids  expand  unequally  with  an  equal 
amount  of  heat  at  equal  temperatures,  it  follows  that 
their  atomic  volumes  cannot,  on  account  of  this  unequal 
expansion,  be  compared  at  equal  temperatures ;  it  nas 
therefore  been  proposed  to  compare  them  at  what  are 
termed  corresponding  temperAtareB;  these,  if  ascertainable, 
would  be  temperatures  at  which  equal  increments  of  heat, 
or  more  strictly  of  temperature,  produce  equal  expansions. 
It  has  be^n  conjectured,  and  is  not  improbable,  that  for 

•  **  ClMinloal  Beporte  tnd  MemoirB,"  publiahed  by  the  CftTendisli  Society, 
page  68. 
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liquids  there  are  corresponding  temperatures,  at  whidi 
the  forces  of  their  vapours  are  equal,  yk..  their  respectiTe 
boiling  points ;  and  according  to  Dalton's  early-  discorerr. 
temperatures  equidistant  from  these  boiling  points  wcnild 
correspond  approximately.  Thus,  if  we  wished  to  com- 
pare ether  with  alcohol, — ^if  the  boiling  point  of  the  latter 
body  was  173°  F.,  and  its  temperature  was  113°  below 
173  ,  yiz.  60°  F.,  the  correspondmg  temperature  of  etiier. 
if  ita  boiling  point  was  94  F.,  would  be  113*"  below  W, 
yiz.  — 19°  F.  The  density  of  a  liquid  at  its  boiling  point 
can  be  calculated,  if  its  density  at  any  one  point  has  Deen 
ascertained,  and  its  rate  of  expansion  is  also  known. 

1222.  Kopf)  has  found  that  the  equivalent  yolome  of 
a  hydrated  acid*  is  about  537t  less  than  that  of  its  ether 
combinations.    Examples : — 


At.  TOl. 

Formic  ether  =  1068'7 
Formic  acid   =   622*5 


At.ToL 

Ajeetic  ether  =  1346-0 
Acetic  acid   =   797*5 


Difference  -    547-6 

AtTOl. 

Butyric  ether  =  18650 


Bifferenee  -    546'2 

Butyric  < 

Butyric  acid   =  1347*5 

Difference  -    5175 


The  difference  between  the  atomic  volume  of  the  hydr&ted 
acid  and  its  methylic  ether  combination  is  about  252. 
Examples : — 

At.  TOI. 

Formiate  of  methyl  =  782*5 
Formic  acid  =  522*5 


Difference  -    2600 


Acetate  of  methyl  =  1060D 
Acetic  acid  =    797'5 


Difference  •    262*5 


At.  TOl. 

Butyrate  of  methyl  =  1581*2 
Butyric  acid  =  1347*5 

Difference  •    233*7       » 


*  Old  Tiew  of  the  constitution  of  acids. 

t  In  determining  the  atomic  Tolumes  of  solids  and  li^ds,  it  has  beea 
usual  to  refer  their  atomic  weights  to  that  of  ozjgen  as  1(W. 
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1223.  On  looking  at  these  tables,  it  will  be  seen  that 
the  difference  between  the  atomic  Tolnme  of  the  corre- 
sponding compounds  in  the  ethyl  and  methyl  series  is 
aoout  253 ;  therefore,  as  the  two  series  differ  by  Ca  H.,  it 
is  highly  probable,  and  it  has  been  assumed  by  £opp,  that 
that  is  the  atomic  yolume  of  C,Hj  when  in  combination. 
Xopp  fixes  275  as  its  ayerage  yalue  at  the  boiling  point  of 
eacn  compound. 

1224.  Isomeric  liquids  of  analogous  composition  haye 
equal  atomic  yolumes.    Examples  :-— 

Butyric  acid         -        -    HO,CsHtO,       =1347-5 
Acetic  ether         -        -    C*  H.  O,  C^  H,  O,  =  1345' 

Valerate  of  methyl       -    C,  H,  O,  Cw  H,  O,  =  1865- 
Butyric  ethyl       -        -    C*  H,  O,  C,  H,  O,  =  1866- 

But  if  the  isomeric  compounds  belong  to  different  and 
dissimilar  series,  they  haye  not  equal  atomic  yolumes. 
Examples : — 

Acetone       -        -        -        -       (C,  H,  O,),  =  1932*4 
Valerate  of  methyl      -    C,H,0,Ci.H,0,  =  1866-0 

67-4 

Aldehyd      ....       {aH40,),=:  1482-4 
Butyric  acid        -        -        -  H  O,  C,  H,  O,  =  1347-5 

74-9 

It  must  be  obseryed,  howeyer,  that  there  are  many  groups 
of  liauid  compounds  which  are  not  isomeric  which  haye 
equal  or  nearly  equal  atomic  yolumes. 

1225.  In  liquids  of  the  same  chemical  ^pe,  the  substi- 
tution of  a  certain  number  of  atoms  of  carbon  for  an 
equal  number  of  atoms  of  hydrogen  makes  no  alteration 
in  the  atomic  yolume.  For  example,  the  amyl,  methyl, 
and  ethyl  compounds  of  yaleric  (CioHmOJ  and  benzoic 
(CuH«04)  acids  are  of  equal  atomic  yolumes.  "In 
liquids  b^onging  to  different  types,  the  same  relations 
are  not  found  to  nold  good.  Moreoyer,  the  types  within 
which  these  relations  are  obseryed  are  precisely  those  of 
Gerhardt's  classification."— ( TTa^^^O 

1226.  Now  as  the  addition  of  G,  H,  increases  the  atomic 
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volome  by  275,  and  siDce  C,  may  take  the  place  of  Hs, 
without  altering  the  atomic  volume  of  the  compomid,  it 
follows  that  the  atomic  volume  of  Cs  must  be  equal  to  thai 
of  Ha,  and  therefore  that  the  atomic  volume  of  Cs  moat  be 
one-half  of  276,  viz.,  137-6. 

1227.  Oxvfi^en,  when  it  forms  part  of  the  radical,  appeals 
to  have  a  difterent  volume  to  what  it  has  when  it  ia  oateids 
the  radical.  In  the  first  case,  its  volume  appeara  to  be 
rather  smaller  than  that  of  hydrogen;  in  the  latter  < 
it  appears  to  be  rather  larger.* 


*  The  student  who  deeiree  to  pursue  the  subject  forUier,  it  refaucd  to 

he  papers  br  Otto  and  F "*       ■    -  — 

he  Cayendisn  Society ;  al 
^layfair  and  Joule  s  mem 
of  the  Chemical  Societj 


the  papers  br  Otto  and  Filhol,  in  the  "  Chemicsl  Memoirs;"  pubfiahed  by 
the  Cayendisn  Society ;  also  to  vol.  2nd  of  Graham's  "  CheausUy,"  mad  to 
Playfair  and  Joule  s  memoirs  on  the  subject,  published  in  the  "  Mm 
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BOILIKG  POIlfTS.  FRACTIONAL  DISTILLiiTIOir.  SPECIFIC 
HSAT.  ATOMIC  HBAT.  HBAT  OF  COUBINATIOV.  CALO- 
BIFIC  INTBirSITT. 

Introduetian,  1228.  Seat  cmd  temperature,  1230. 
I%ermo8Copic  instrufnents,  1232.  Construction  of  the  mer- 
curial thermometer,  1236.  Testing  of  a  thermometer,  1252. 
Formula  for  the  conversion  qf  degrees  of  one  scale  into 
those  of  another,  1254.  Exercises,  Boiling  points,  1255. 
£jopp's  law  of  the  boiling  points,  1261.  Exercises.  Frao^ 
tianal  distillation,  1279.  Specific  heat,  1286.  Methods 
employed  for  determining  the  specific  heat  of  solids  and 
liguias,  1290.  Measure  of  the  sensible  heat  absorbed  by  a 
body,  1291.  Exercises.  Description  of  Begnaulfs  me^ 
thod,  1302.  Specific  heat  of  a  bo^  not  a  constant  quantity, 
1316.  Specific  hea^  of  pases,  1320.  Table  of  specific  heat 
of  gases,  1322.  Atomic  heat  qf  bodies,  1323.  Relation 
between  the  specific  heats  and  atomic  weights  of  the  ele- 
mentary bodies,  1327.  Ihbles  qf  the  specific  and  atomic 
heats  of  the  elements.  Atomic  heats  of  compound  bodies, 
1332.  Development  qf  heat  by  chemical  action,  1335. 
Description  of  Dr.  Andrew's  method,  1343.  Combination 
qf  gaseous  bodies  with  oxygen,  1349.  Exercises.  Com- 
binationof  solid  and  fluid  bodies  with  oxygen,  1354.  Exer- 
cises. Table  of  the  heat  developed  durtng  the  combination 
of  bodies  with  oxygen,  1361.  Tables  of  the  heat  developed 
durina  the  combination  of  bodies  with  chlorine,  bromine, 
and  iodine,  1368.  Influence  of  dimorphism  on  the  heat 
evolved,  1372.  Seat  developed  on  the  union  of  acids  and 
bases,  1373.  Table  of  heat  evolved  during  metallic  precis 
pitations,  1378.  Heat  evolved  on  the  combination'  of  an 
acid  with  water,  1382.  Heat  evolved  on  the  combvMxtion 
qf  a  salt  with  water,  1384.  Heat  evolved  on  the  com- 
bustion qf  polymeric  compounds,  1385.  Cold  produced  by 
chemical  decomposition,  1391.  Exceptions,  1396.  Calorific 
intensity,  1397.  Exercises.  Calorific  intensity  qf  fuel, 
1404.  Exercises.  Lewis  Thomson's  appa/rattts  for  deter- 
mining the  absolute  heating  power  of  fuel,  1407.  On  the 
burning  qffuel,  1409. 

1228.  What  heat  is,  is  still  onknown.    Two  diiOferent 
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theories  have  been  proposed  to  explain  its  nature^  buiit 
does  not  come  withm  our  province  to  notice  them. 

1229.  Whenever,  as  in  the  case  of  heat,  we  hare  to 
speak  of  any  a^ent  whose  nature  is  unknown,  the  expres- 
sions and  allusions  we  employ  in  regard  to  it  must  neees- 
sarily  possess  a  degree  of  vagueness ;  and  to  those  studoitB 
who  require  exact  definitions,  they  must  appear  unsstii- 
factory.  This  vagueness  is  further  increas^  if  different 
views  nave  prevailed  at  different  times  as  to  the  nature  <^ 
the  agent ;  oecause  the  terms  which  have  been  employed 
under  one  theory  are  frequently  retained,  when  o&k& 
and  totally  different  views  prevail.  These  few  general 
observations  on  the  terms  employed  we  have  thought  it 
necessary  to  make,  in  order  to  show  the  student  thai  the 
terms  which  may  appear  vague  and  unsatiafactoiy  to 
him  are  equally  so  to  all  who  study  the  subject. 

1230.  Meat  and  temverature.  —  The  term  heat  ire 
apply  to  the  a^ent;  the  term  temperature  we  applj  to 
that  portion  of  neat  in  a  body  which  we  can  perceive  by 
the  senses.  The  temperature  of  a  body  can  be  increased 
or  diminished.  If  two  bodies  of  different  temperatures 
are  brought  together,  the  one  containing  the  most  sen- 
sible heat — in  other  words,  having  the  highest  tempe- 
rature— ^will  lose  heat,  which  the  Dodj  with  the  lower 
temperature  will  absorb.  This  impartmg  of  heat  by  the 
one  body,  and  the  receiving  of  it  by  ike  other,  will  only 
cease  when  they  have  both  arrived  at  the  same  tempe- 
rature. If,  therefore,  we  brin^  the  hand,  or  any  other 
part  of  the  body,  in  contact  with  a  substance  having  a 
higher  temnerature,  heat  is  imparted  by  that  substance 
to  the  hana,  and  we  experience  the  sensation  we  term 
heat.  If,  on  the  contrary,  the  hand  is  warmer  than  the 
substance,  it  imparts  some  of  its  heat  to  the  substance, 
and  we  then  experience  the  sensation  we  term  cold. 
The  student  will  observe,  from  these  illustrations,  that 
heat  and  cold  are  merely  relative  terms. 

1231.  Our  sense  of  touch  cannot  be  employed  to  ascer- 
tain the  correct  temperature  of  substances ;  for  that  will 
only  tell  us  whether  the  substance  has  a  higher  or  a  lover 
temperature  at  the  time,  than  that  part  of  our  body  which 
comes  in  contact  with  it.  The  same  body  might  even  be 
made  to  feel  both  hot  and  cold  at  the  same  moment,  if  ve 
made  one  hand  hotter  and  the  other  colder  than  the  body> 
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before  we  brought  them  m  contact  with  it.  For  the  same 
reasons,  we  pronounce  a  cave  hot  in  summer,  cold  in 
winter,  although  the  temperature  of  the  care  may  have 
remained  the  same.  To  measure  the  correct  temperature 
of  bodies,  we  have  recourse  to  the  physical  action  of  heat 
on  bodies.  These  actions  are  of  various  kinds.  Expan- 
sions and  contractions  have  been  adopted,  as  being  the 
easiest  to  observe.  But  heat  also  produces  electrical 
phenomena  in  bodies,  on  which  very  aelicate  methods  of 
observing  temperatures  have  been  based. 

1232.  Instruments  termed  thermometers  (from  Btpfid^, 
hot,  fitTpov,  a  measure)  are  employed  to  measure  tem- 
peratures up  to  about  600''  F.  Instruments  termed  pyro- 
meters (from  vvp,  fire),  are  employed  to  measure  tem- 
peratures higher  than  600°  F. 

1233.  Although  all  bodies  whatever  are  susceptible  of 
dilatation  and  contraction,  they  are  not  eaually  convenient 
for  thermoscopic  agents.  Mercury  is  tne  best  thermo- 
scopic  a^ent  for  general  purposes,  as  the  range  between 
its  solidify iug  and  boiling  point  is  the  widest  of  any 
liquid,  and  it  has  also  &e  most  uniform  expansion. 
Alcohol  is  the  only  other  liquid  employed  as  a  thermo- 
Bcopic  agent.  It  is  employed  to  measure  very  low  tem- 
peratures, as  it  does  not  solidify  at  the  greatest  known 
cold. 

1234.  We  must  refer  the  student  to  the  general  works 
on  chemistry  and  physics  for  descriptions  of  the  differential 
thermometer,  the  thermo-electric  multiplier,  the  self-regis- 
tering thermometer,  the  air  thermometer,  the  pyrometer, 
—in  £Eict,  all  the  varieties  of  heat  measurers  but  the 
ordinary  mercurial  thermometer.  We  shall  give  a  brief 
outline  of  the'plan  of  making  a  mercurial  thermometer, 
in  order  that  the  student  may  know  how  it  is  made, 
— not  with  a  view  that  the  student  should  attempt  to 
make  his  own  thermometer,  as  he  will  be  able  to  purchase 
better  thermometers  than  any  he  could  construct,  and  at 
a  less  cost.  We  shall  also  describe  how  a  thermometer 
ought  to  be  tested  as  to  its  accuracy. 

1235.  Construction, — The  first  essential  in  the  manu- 
facture of  a  mercurial  thermometer,  is  a  capillary  tube  of 
uniform  calibre  throughout  its  entire  length,  so  that  equal 
lengths  of  the  tube  will  contain  equal  volumes  of  mercury. 
To  ascertain  this,  a  small  drop  ot  mercury  is  introduced 
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into  the  tabe,  suffioient  to  fill  rather  more  than  a  tliiid  of 
an  inch  of  the  tube.  The  mercuiy  is  gradaaUy  mored 
from  one  end  of  the  tube  to  the  other,  and  its  length  u 
measured  in  each  successiye  position.  The  leni^tii,  of 
course,  should  be  the  same  in  every  part  of  the  tube ;  if 
it  be  not,  the  tube  must  be  rejected.  Haring  aeleeted 
the  tube,  the  next  thing  to  be  done  is  to  blow  a  butb 
upon  one  end  of  it.  The  bulb  may  be  either  spherical  or 
cylindrical ;  the  last  form,  from  exposing  a  large  aar&oe, 
is  more  readily  affected  by  changes  of  temperature.  The 
relative  dimensions  of  the  bore  of  the  tube  and  bulb  hare 
to  be  taken  into  consideration.  If  the  thermometer  is 
intended  to  hare  a  very  open  scale^in  other  words,  to  be 
greatly  affected  by  comparatiyelv  small  variati<Hia  of 
temperature, — ^the  bore  of  the  tube  must  be  very  amaJL 
and  the  bulb  comparatively  lar^e ;  but  if  a  less  desree  of 
sensibiUty^  is  required,  the  bore  of 
the  tube  is  not  required  so  smAll» 
and  the  bulb  is  made  mnaller  than 
in  the  first  case. 

1236.  FilUngthetkermomeier.-^ 
To  facilitate  the  introduction  of 
the  mercury,  a  small  funnel  is  fre- 
quently formed  upon  the  other  aid 
of  the  tube;  this  is  filled  with  mer- 
curv,  the  tube  is  slightly  inclined, 
and  the  bulb  is  warmed  by  means 
of  a  spirit-lamp  (see  Fig.  20),  in 
order  to  expand  the  air  in  the 
thermometer;    some   of  the   air 
escapes,  the  spirit-lamp  is  removed 
to  allow  the  tube  to  cool,  the  air 
contracts,  and,  as  a  consequence^ 
some  of  the  mercury  enters  the 
tube.    The  btdb  is  again  warmed, 
so  as  to  expel  a  furuier  quantity 
of  air,  the  lamp  is  again  removed, 
and  more  mercury  enters  from  tiie 
contraction  of  the  air ;  this  warm- 
ing  and  cooling  the  tube  is  con- 
tinued until  the  bulb  and  part  of 
the  tube  are  filled  with  mercury. 
Fig.  ao.  Instead  of  forming  a  funnel  on  the 
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open  end  of  the  tube,  and  proceeding  in  the  way  we  have 
stated,  the  thermometer  may  be  filled  in  the  following 
war : — The  open  end  of  the  tube  is  plunged,  after  the 
bulb  has  been  heated,  into  the  mercury ;  on  the  oontrae- 
tion  of  the  air  tome  of  the  metal  entera,  the  mercury  in 
the  bulb  is  then  boiled,  and  the  heat  is  continued  until 
the  tube  becomes  filled  with  mercurial  raponr ;  the  open 
end  is  then  plunged  again  into  the  mercury,  and  as  the 
vapour  contracts  the  mercury  enters,  and  so  the  instru- 
ment becomes  filled.  Whichever  way  the  mercury  has 
been  introduced,  the  next  thing  to  be  determined  is 
where,  on  the  tube,  we  desire  to  fix  some  point  of  the 
thermometric  scale.  Suppose  we  desire  to  have  the  freez- 
infjT  point  of  water  about  1  inch  from  the  bulb,  and  the 
boiling  point  of  water  about  the  same  distance  from  the 
other  end  of  the  tube,  we  first  plunge  the  instrument  in 
melting  ice,  and  if,  when  it  has  attained  the  temperature  of 
the  ice,  the  mercurv  stands  too  hig[h  in  the  tube,  some  of  the 
metal  is  expelled  by  heat ;  and  if  it  stands  too  low,  some 
more  is  introduced,  as  at  the  first.  When  the  mercury 
steads  at  the  proper  height  in  the  tube  for  the  freezing 
point,  the  thennometer  is  introduced  into  boiling  water, 
and  when  the  mercury  ceases  to  rise,  the  blowpipe  flame  is 
dizected  about  an  inch  above,  and  the  glass  is  then  drawn 
out  into  a  fine  capillary.  All  traces  of  air  have  now  to  be 
got  rid  of;  for  this  purpose  the  bulb  is  warmed  until  the 
mercury  ascends  through  the  capillary,  the  blowpipe  flame 
is  then  directed  upon  the  capillary,  and  the  tube  is 
dosed  and  sealed.  The  thermometer  is  now  tested,  to 
see  that  all  the  air  has  been  removed ;  the  mode  of  doing 
this  will  be  given  when  the  method  for  testing  is  desoribed. 
If  this  has  been  effected,  the  end  is  fashioned  into  a  knob 
or  ring,«aecording  as  it  is  intended  to  be  fixed  in  a  wooden 
soale,  or  graduated  upon  the  stem. 

1287.  Graduation  qf  the  thermometer,^The  thermo- 
meter requires  to  be  graduated,  that  is,  provided  with  a 
seale  to  which  variations  of  temperature  can  be  referred ; 
and,  in  order  to  be  able  to  compare  one  thermometer 
with  another,  it  is  necessary,  in  the  graduation  of  thermo- 
meters, to  select  two  standard  temperatures  as  fixed 
points;  the  temperatures,  which  have  been  universally 
chosen,  are  those  of  meltmg  ice  and  boiling  water.  The 
2  II 
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thermometer  ought  not  to  be  graduated  immediately  tte 

it  ifl  sealed,  as  the  bulb  contracts,  and  does  not  attain  iti 

fixed  dimensions  until  some  months  after  the  sewing; 

consequently,  if  the  fixed  points  were  determined  befow 

the  bulb  arrived  at  its  fixed  capacity,  the  graduations  oa 

the  scale  would  indicate  a  temperature  higher  than  tn* 

true  one  from  a  quarter  to  half  a  de<;ree. 
^  ^    H  ^2gQ    ^g  j^^^   already 

noticed  that  the  melting 
point  of  ice  is  constant,  what- 
ever be  the  degree  of  heat, 
and  that  the  temperature  at 
which  water  boifc  in  a  mej 
tallic  vessel  at  the  standard 
pressure  is  also  constant 
(49.  50.  51).  The  point  at 
which  the  mercury  stands  in 
the  tube  of  the  thermometer 
at  the  melting  point  of  ice 
is  determined  in  the  follow- 
ing way: — Snow  or  pounded 
ice  is  placed  in  a  vessel,  in 
the  bottom  of  which  is  an 
aperture  by  which  vrater  can 
escape  (Fig.  21).  The  bulb 
and  a  part  of  the  stem  of  the 
thermometer  is  immersed  in 
the  ice  for  about  a  quarter  of  an  hour,  a  mark  is  thai 
made  on  the  stem  at  the  level  of  the  mercury ;  this  is  the 
melting  point  of  ice.  . 

1239.  The  second  fixed  point,  or  the  boiling  pomt  w 
water,  is  determined  by  means  of  the  apparatus  repre- 
sented in  the  fifijures  22  and  23,  of  which  fig.  23  repre- 
sents a  vertical  section.  In  both,  the  same  letters 
designate  the  same  parts.  The  whole  of  the  apparatos  ij 
of  copper.  A  central  tube.  A,  open  at  both  ends,  is  fiw 
on  a  cylindrical  vessel  containing  water ;  a  second  tuWj 
B,  concentric  with  the  first,  and  surrounding  it,  is  fij«!* 
on  the  same  vessel,  M.  In  this  second  cylinder,  which  i« 
dosed  at  both  ends,  there  are  three  tubulures,  a,  E,  U. 
A  cork,  in  which  is  the  thermometer,  i,  fits  in  a.  To  E  « 
glass  tube,  containing  mercury,  is  attached,  which  scrre* 
as  a  manometer  for  measuring  the  pressure  of  the  vapour 
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in  the  apparatus.    D  is  an  esdiape  tube  for  the  yaponr  and 
condensed  water. 

1240.  The  apparatus  is  placed  on  a  furnace  and  heated 
to  boiliug ;  the  vapour  produced  in  M  rises  in  the  tube  A, 
and,  passing  through  the  two  tubes  in  the  direction  of  the 
arrows,  escapes  by  the  tubulure  D.  The  thermometer,  ^ 
being  thus  surrounded  with  vapour,  the  mercury  expands, 
and  when  it  has  become  stationary,  the  point  at  which  it 
stops  is  marked.  This  is  the  point  sought  for.  The 
second  case,  B,  was  added  by  M.  [Regnault  to  avoid  the 
cooling  of  the  central  tubulure  by  its  contact  with  the  air. 


Fie.  22. 


Fxo.23. 


1241.  The  determination  of  the  point  100**  (boiling  point 
of  water)  would  seem  to  require  that  the  height  of  the 
barometer  during  the  experiment  should  be  760  mm.,  for 
when  the  barometric  height  is  greater  or  less  than  this 
qnantity,  water  boils  either  above  or  below  100**.  But 
tne  point  100°  may  always  be  exactly  obtained,  by  making 
a  correction  introduced  by  M.  Biot.  He  found  that,  for 
every  27  mm.  difference  in  the  height  of  the  barometer. 
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there  was  a  difference  in  the  boiling  point  of  1^.  It, 
for  example,  the  height  of  the  barometer  ia  778 — that  is, 
18  mm.,  or  two-thirds  of  27,  abore  760 — water  would  boil 
at  lOQf,  Consequently,  lOOf  would  have  to  be  maiked 
at  the  point  at  which  the  mercury  stops.* 

1242.  Gkiy  Lnssac  obserred  that  water  boils  at  a  some- 
what higher  temperature  in  a  glass  than  in  a  metnl  ressel ; 
and  as  the  boilinff  point  is  raised  by  any  salts  which  are 
dissolved,  it  has  oeen  assumed  that  it  was  necessary  to 
use  a  metal  yessel  and  dintilled  water  on  fixing  the  boiling  ' 

Ennt,  M.  Rudberg  has,  however,  shown  that  these 
tter  precautions  are  superfluous.  The  nature  of  the 
veitsel,  and  salts  in  solution,  influence  the  temperature  of 
boiling  water,  but  not  that  of  the  vapour  which  isjbnmed. 
That  is  to  say,  that  if  the  temperature  of  boiling  water 
from  any  of  the  above  causes  is  higher  than  100°,  ths 
temperature  of  the  vapour  does  not  exceed  100^  if  the 
pressure  is  760  mm.  Couseouently,  the  higher  point  ms/ 
DC  determined  in  any  kind  of  a  vessel,  provided  the  ther- 
mometer is  quite  surrounded  by  vapour,  and  does  not  dip 
in  the  water. 

1243.  Even  with  distilled  water  the  bulb  of  the  thermo- 
meter must  not  dip  in  the  liquid ;  for  it  is  only  the  upper 
layer  that  really  has  the  temperature  of  100^,  since  tiie 
temperature  increases  from  layer  to  layer  towards  the 
bottom,  in  consequence  of  the  increased  pressure. 

1244.  The  two  fixed  points  having  been  marked  on  ths 
tube,  the  di^tanoe  between  them  is  di?ided  into  equal 
parts,  termed  degrees.  The  degrees  are  designated  by  s 
small  cipher  placed  a  little  a^ve  on  the  right  of  the 
number  which  marks  the  temperature;  and  to  indicate 
temperatures  below  zero,  the  minus  sign  is  plaoed  before 
the  figures,  thus  — 15°  signi6es  15°  below  sero.  In  seen- 
rate  thermometers,  the  scale  is  marked  on  the  glass  iteelC 
which  is  accomplished  by  covering  the  glass  with  a  thin 
coatiu)(  of  beeswax,  then  marking  the  divisions  and  num- 
bers with  a  steel  point,  and  subsequently  exposing  the 
thermometer  for  a  short  time  to  the  action  of  hydro&one 
acid  gas ;  where  the  wax  has  been  removed  by  tiie  eteel 
point  the  ^lass  is  etched  by  the  gas. 

*  This  refers  to  the  Centirrmdo  thermomeirio  §eale.  The  differcMe  d 
one  inch  ot  meroory  in  the  height  of  the  barometer  raisei  or  lovwi  tte 
ebullition  poiBt  by  almoet  ezaot^  two  degrtn  of  the  SUirenheit  soele. 


'  — ^A^O-"-!.-^ 
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1245.  There  are  unfortunately  three  different  thermo- 
metric  scalefi,  viz.,  the  Centigrade,  or  Celsius  (the  latter 
the  name  of  the  person  who  invented  the  scale),  the 
Fahrenheit  scale  (this  scale  originated  with  an  instrument 
maker  at  Dantsic),  and  the  Reaumur  scale.  The  Centi- 
flprade  scale  is  adopted  on  the  continent,  especially,  in 
Franee,  and  it  is  the  one  most  generally  employed  in 
scientific  investigations.  The  Fahrenheit  scale  is  univer- 
sally employed  in  England  for  all  ordinary  purposes,  and 
frequently  in  purely  scientific  investigations;  it  is  also 
employed  in  America  and  Holland.  The  Eeaumur  scale 
is  employed  in  Bussia  and  Germanv. 

1246.  The  freezing  point  is  made  the  zero  point,  both 
in  the  Centigrade  and  S^aumur  scale;  but  on  the 
Fahrenheit  scale  the  zero  point  is  placed  at  the  32nd 
division  below  the  fVeezingJpoint,  so  that  on  this  scale 
the  freezing  point  is  32®.  The  reason  for  fixing  the  zero 
of  the  scale  at  32°  below  the  freezing  point  was,  that  at  the 
time  it  was  believed  to  be  the  natural  zero  of  temperature, 
or  the  greatest  possible  degree  of  cold.  Much  lower 
temperatures,  natural  and  artificial,  have  since  been 
observed,  and  it  is  very  improbable  that  the  absolute  zero 
€an  be  reached.* 

1247.  The  distance  between  the  freezing  and  boiling 
points  is  divided  in  the  Centigrade  scale  into  100  degrees, 
■o  that  (f  C.  represents  the  one  point,  and  100°  C.  the 
other;  the  distance  between  the  two  points  on  the 
B^umur  scale  is  divided  into  80  degrees,  so  that  0°  B. 
represents  the  one  point,  and  80°  B.  the  other.  The  dis- 
tance between  the  two  fixed  points  is  divided  on  the 


•  *'  Beokonini;  from  0^  0.  npwanis,  w«  find  that  drerr  degree  added  to  th* 
tonperattira  of  a  gM  prodacM  an  angmMitation  of  elattie  foroa  equal 
iojily  of  thai  which  the  gas  poeBcoeee  at  0**^  and,  benoe,  that  bj  impartinc 
271P  we  double  the  elastic  force.  Suppoeingthe  same  law  to  hold  gooa 
when  we  reckon  firom  0^  4{o«m«>ar<f«— that  for  every  degree  of  temperature 
withdrawn  from  the  gae  we  diminish  its  elastic  force,  or  the  motion  which 
produces  it,  bv  ^  of  what  it  possesses  at  0^,  it  is  manifest  that  at  a  tem- 
perature of  273°  C.  belo#  0^,  we  should  oease  to  have  any  elsstic  force  what- 
ever. The  motion  to  which  the  elastic  force  is  due  must  then  vanish,  and 
we  reach  what  is  called  the  ab»oluU  csre  <^  Umptrutmr: 

**  No  doubt,  practically,  any  gas  deviates  from  the  above  law  of  contrac- 
tion before  it  sinks  so  low,  and  it  would  become  solid  before  resching 
—278^  C,  or  the  absolute  aero.  This  is  considerably  below  any  temperature 
which  we  have  as  yet  been  able  to  obtain."—"  Hwt  oontidtred  a$  a  Mod§  qf 
MotUm,"  bjf  T^ndaL 
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Fahrenheit  scale  into  180  degrees,  so  that  32°  F.  raire- 
sents  the  <me,  and  212°  F.  the  other  point.  The  length  d 
a  degree  having  heen  thus  ascertained  b^  diTiding  the 
distance  between  the  two  points,  the  tube  is  graduatied  ia 
degrees  of  the  same  length  below  the  freezing  pointy  and 
above  the  boiling  point,  as  far  as  may  be  desired. 

1248.  "A  scale  divided  upon  the  principles  already 
described  evidently  depends  for  accuracy  on  the  suppo- 
sition that  equal  increments  of  heat  produce  an  equal 
amount  of  expansion.  With  due  precautions,  a  pound  of 
water  at  32"  F.  mixed  with  a  pound  of  water  at  212°  F. 
should  yield  a  mixture  in  which  the  thermometer  should 
stand  at  122**,  the  exact  mean.  Tet  it  is  not  true  that  even 
in  the  same  substance  equal  increments  of  heat,  at  dtffereni 
temperatures,  produce  an  equal  amount  of  expan»ioa  :  for 
example,  the  expansion  of  mercury  for  the  10  degrees 
between  30°  and  40°  is  less  than  its  expansion  for  the  10 
degrees  between  200°  and  210°.  In  the  mercurial  ther- 
mometer, for  temperatures  between  freezing  and  boiling 
water,  it  may  nevertheless  be  assumed,  without  sensible 
error,  that  equal  increments  of  heat  raise  the  thermometer 
through  an  equal  number  of  degrees.  The  increase  in 
the  capacity  of  the  glass  bulb,  especially  if  the  thermo- 
meter be  made  of  crown  glaiis,  almost  exactly  compensates 
for  the  increasing  rate  of  the  expansion  of  mercuiy; 
though  for  temperatures  above  this  point  the  compensation 
is  not  so  exact.  The  general  result  is,  that  for  all  bodies, 
in  proportion  as  the  temperature  rises  the  expansion 
increases;  the  distance  between  the  particles  augments 
with  the  heat,  and  consequently  their  mutual  cohesion  is 
more  readily  overcome.  The  total  expansion  of  mercuTTi 
for  example,  for  three  progressive  intervals  of  180**  F-, 
according  to  Begnault.  is  the  following : — between  32^  and 
212°  it  is  1  part  in  65*08 ;  between  212°  and  392°  it  is  1 
in  64-61 ;  and  between  392°  and  672°,  1  in  6401. 

U4B.  *'  The  temperature  of  672°  F.  as  measured  by  an 
air  thermometer,  if  measured  by  the  expansion  of  mercurr 
in  an  ordinary  thermometer,  would  be  indicated  as  586^ 
because  the  apparent  dilatation  of  the  mercury  increases 
as  the  temperature  rises."  ♦ 


*  Killer's  "Elements  of  ChenuBtry,"  vol.  i. 
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1250.  The  merourial  thermometeT  cannot  be  employed 
for  temperatures  below — 33^  F.,  as  mercury  solidifies  at 
—40°  F. ;  and  it  cannot  be  employed  with  accaracy  for 
temperatures  above  580°  F. 

1251.  "  The  vrhole  thermometric  scale  is  to  be  regarded 
as  purely  arbitrary,  and  may  be  compared  to  a  chain, 
extending  indefinitely  both  upwards  and  downwards. 
We  select  some  point  on  the  chain,  and  begin  to  count 
the  degrees  from  that.  We  fix  the  length  of  our  degrees 
by  selecting  a  second  point,  at  a  convenient  distance 
above  the  first,  and  dividing  the  intervening  length  into  an 
arbitrary  number  of  equal  parte.  Thus,  all  is  arbitrary; 
and  there  is  no  peculiar  virtue  in  the  twe  points  which 
have  been  chosen,  other  than  that  they  can  be  easily 
determined  with  accuracy,  and  include  between  them  the 
range  of  temperature  with  which  we  are  usually  most 
concerned.*' 

1252.  Testing  of  a  thermometer, — ^When  a  thermometer 
is  introduced  into  melting  ice,  the  level  of  the  mercury  in 
the  tube  should  stand  exactly  at  the  point  of  the  scale 
which  indicates  this  temperature;  and  when  it  is  sus- 
pended in  the  steam  of  boiling  water,  the  level  of  the 
mercury  should  stand,  at  the  standard  pressure,  exactly  at 
the  point  of  the  scale  which  indicates  the  temperature  of 
boiling  water.  To  ascertain  whether  the  value  of  the 
degrees  is  uniform  throughout  the  entire  length  of  the 
tube,  a  little  column  of  mercury  must  be  detached  from 
the  rest  of  the  metal,  the  tube  must  then  be  inclined  so 
as  to  make  the  small  column  pass  from  one  part  of  the 
tube  to  another  part,  and  we  must  ascertain  by  measure- . 
ment  whether  it  occupies  the  same  length  in  the  tube  in 
each  position.  To  ascertain  whether  the  air  has  been 
perfectly  expelled  before  sealing  the  tube,  the  instru- 
ment must  be  inverted,  so  that  the  bulb  is  uppermost ;  if 
the  mercury  descends  with  ease  quite  to  the  end  of  the 
tube,  we  may  be  satisfied  that  the  air  is  absent  in  that 
part  of  the  instrument.  But  there  may  be  some  in  the 
bulb — to  ascertain  this,  we  must  observe  whether  the 
bubble  which  is  in  the  bulb  during  the  time  it  is  inverted 
entirely  disappears  when  we  restore  the  instrument  to  its 
proper  position ;  if  it  does,  the  thermometer  is  perfect  as 
regards  the  entire  absence  of  air. 

1253.  '*  Sohietimes  a  thermometer,  when  inverted,  does 


G62  BOILIVG  POIKTS. 

not  allovr  the  mercury  to  descend,  and  inezpevieneed 
persons  are  liable  to  imaffine  that  air  must  neceasarilj  be 
present ;  but  the  effect  afluded  to  is  frequently  caused  by 
the  adhesion  between  the  mercury  and  the  glaas ;  if,  hav- 
ever,  we  warm  the  bulb»  so  as  to  cause  the  mercury  to 
•  ascend  in  the  tube,  and  then  invert  the  instrument^  the 
metal  should  descend;  and  if  no  moderate  tapping  or 
swinging  will  make  it  do  so,  we  may  safely  conclude  thai 
air  forms  the  impediment."* 

1264.  As  it  is  freq^uently  necessary  to  translate  the  figures 
on  tde  Celsius  scale  into  those  of  Fahrenheit,  and  vice  verUit 
we  have  given  a  table  at  the  end  of  the  book,  by  which  the 
degrees  on  the  one  scale  can  be  converted  into  those  of 
the  other  at  a  glance.  But  it  is  necesssrv  to  know  how 
to  convert  the  one  into  the  other  by  calculation,  which  is 
easily  accomplished ;  100"  C.  =  180°  F.,  or  6*  O.  =  9*»F.  ^ 
hence,  I''  F.  =  {''  C.  +  32 :  the  32  is  added  because  the  sero 
of  Fahrenheit  is  32  Fahrenheit  degrees  below  the  sero  of 
the  Centigrade.  The  converoion  is  easily  effected  by  the 
use  of  the  following  formulao : — 

Fahrenheit  to  Centigrade  -  J  (F.**  —  32)  =  C." 
Centigrade  to  Fahrenheit  -  |  C."  +  32  =  F.» 
K^aumur  to  Fahrenheit  -  J  R.*  +  32  =  ¥.• 
Fahrenheit  to  Reaumur       -     |  (F.*  —  32)  =  IL* 

SXSBCISS. 

190.  Beduce  OO'  F.  to  the  degrees  of  C.  and  R. ;  eO»  of 
R.  to  F.»;  SO'C.  to  F.«;  20-F.  to  C.*;  — 2-2*F.  to  €.•; 
— 2"  C.  to  F.» ;  — 5-8»  F.  to  C* ;  6»  C.  to  F.* ;  — 24*  C.  to 
F.*.  — 36*C.toF.*. 

1256.  Boiling  points, — ^We  hare  already  noticed  (50) 
that  the  temperature  at  which  each  liquid  boils  is  quite 
oonstant  under  the  same  circumstances.  We  hare  also 
seen  (1242)  that  other  circumstances  besides  pressure 
influence  the  temperature  at  which  liquids  boil;  but 
these  circumstances  do  not  affect  the  temperature  of  the 
vapour  of  the  boiling  liquid ;  thi^  at  once  adjusts  itself  to 
the  pressure  of  the  atmosphere,  and  is  always  oonstant 

*  "  Hand-book  of  Chemioal  Maaipaktioii/'  \rf  OreTille  WiUiaiu. 

t  Measuring  on  both  soalet  ftrom  tke  freeing  to  tine  boiling  point,  tlw  is- 
torral  between  these  two  pointa  ia  divided  into  100"  on  the  CentagrMle,  tad 
ISO*  on  ike  Fahrenh«il  aento. 
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for  the  same  liquid  under  the  saine  preBsure.  In  deter- 
mining, therefore,  the  boiling  point  or  a  liquid  we  do  not 
allow  the  bulb  of  tbe  thermometer  to  dip  into  the  liquid, 
but  we  briog  it  almost  into  immediate  contact,  so  that  it 
may  be  completel^r  Rurrounded  by  the  yapour. 

1256.  Ab  the  boiling  point  of  any  body  of  definite  com- 
position, and  perfectly  pure,  ia  Btationar^r  during  the 
entire  time  it  is  kept  boiling,  whilst  the  boiling  point  of 
a  mixture  of  Bubstanees  keeps  constantly  increasing  as 
the  more  yolatile  substances  evaporate,  the  boiling  point 
becomes  the  most  important  phyBioal  character  for  (toter- 
mining  the  identity  and  purity  of  a  yolatile  liquid. 

1257.  The  siae  of  the  glass  vessel  in  which  the  liquid 
is  to  be  boiled  will  depend  upon  the  quantity  of  liquid 
at  our  command.  If  we  have  oniy  a  small  quantity,  we 
may  employ  a  test  tube  fitted  with  a  cork ;  the  cork  mttst 
be  pierced  with  two  holes,  in  one  of  which  is  inserted  the 
thermometer,  and  in  the  other  the  exit  tube.  If  we  have 
a  large  quantity  of  liquid  at  our  command,  we  mar 
employ  a  tubulated  retort;  the  tubulure  is  fitted  witn 
a  cork  pierced  with  one  hole,  in.  which  the  thermometer 
is  inserted.  If  we  do  not  wish  to  lose  any  of  the  liquid, 
we  condense  the  vapour  by  connecting  the  exit  tube 
from  the  test  tube,  or  the  beak  of  the  retort,  with  a 
Liebig's  condenser.  The  liquid  is  boiled  until  the  greater 
part  of  it  has  distilled  over:  we  note  the  pressure  of  the 
barometer,  and  we  also  note  the  temperature  during  the 
whole  time. 

1258.  The  temperature  indicated  b^  the  thermometer 
is  less  than  that  of  the  true  boiling  point,  if  only  part  of 
the  stem  of  the  thermometer  is  exposed  to  the  vapour  of 
the  liquid.  For  a  thermometer  to  mdicate  the  true  tem- 
perature of  vapour  or  any  other  medium,  it  is  necessary 
to  immerse  both  tbe  bulb  and  stem  in  the  medium  whose 
temperature  is  to  be  measured ;  for  if  the  stem  of  the 
thermometer  is  exposed  to  a  lower  temperature  than  the 
bulb,  the  whole  of  the  mercury  will  aot  be  fully  expanded, 
and  the  thermometer  will  indicate  too  low  a  temperature : 
1^8  difference  between  the  indicated  and  the  true  tem<* 
perature  becomes  important  when  the  temperature  of  the 
medium  greatlj  exceeds  that  of  the  air. 

1259.  As  it  IS  impossible,  in  testing  the  temperature  of 
a  small  quantity  or  liquid,  to  immerse  the  thermometer 
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completely,  it  is  necessary  in  all  exact  researches  to  adi 
to  the  observed  temperature  a  small  correction.  Por 
making  this  correction,  it  is  neceesaij  to  know  the  mess 
temperature  of  the  exterior  portion  of  the  column  of  mer- 
cury exposed  to  the  air,  compared  with  that  part  belov 
the  cork,  surrounded  by  the  vapour ;  for  this  pMir^xose  we 
£x  to  the  stem  of  the  first  a  second  thermometer,  in  sack 
a  way  that  its  reaervoir  is  about  the  middle  of  the  columa 
of  mercury  which  is  above  the  distillatory  apparatua. 

If  we  repre«'ent  by  T°  the  temperature  indicated  by  the 
thermometer  in  the  vapour,  by  r  the  mean  temperature, 
and  by  N^  the  number  of  degrees  which  the  exterior 
mercury  column  measures ;  lastly,  by  S,  the  co-efficient  of 
the  apparent  expansion  of  mercury  in  glass  (S  =  O'U00154 
for  rC.y  the  quantitv  to  be  added  to  T"*  for  obtaining 
the  true  boiling  point  oecomes, — 

As  an  example,  suppose  we  have  found  171*3®  C.  =  T 
for  the  boiling  point  of  the  liquid,  with  a  thermometer 
having  25  degrees  above  zero  in  the  distillatory  apparatus ; 
in  this  case.  171  -a**  —  26,  or  lieS"  =  K  If  the  exterior 
thermometer  indicates  43^  =  t  for  the  mean  temperature 
of  this  portion  of  the  column  of  mercury,  171*3**  —  43*, 
or  128'3*'  =  (T—i).    The  correction  becomes  then, — 

146-3''  X  128-3  X  0  000154  =  2-9°, 

and  we  find  that  the  true  boiling  point  of  the  liquid  under 
the  observed  barometric  pressure  is 

171-3**  +  2  9«=174•2^ 

1260.  Organic  compounds  are  more  volatile  in  proportion 
as  they  contain  a  grester  number  of  atoms  of  hydiogen, 
and  a  smaller  number  of  atoms  of  carbon,  oxygen,  and 
nitrogen.  Of  polymeric  compounds,  the  one  whose  com* 
pound  atom  contains  the  smallest  number  of  elementaiy 
atoms  is  always  the  most  volatile. 

1261.  Kopp9  law  of  the  boiling  points, — Elopp  pointed 
out  some  years  ago  (1841),  that  in  analogous  compounds 
the  same  difference  of  composition  frequently  involves 
the  same  difference  in  boiling  points.  The  assertion 
of  the  existence  of  this  law- like  relation  between  the 
chemical  composition  of  subhtances  and  one  of  their  most 
important  physical  properties,  when  first  enunciated  was 
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objected  to  by  many  chemists.  The  objections  led  Kopp 
to  collect  additional  evidence  in  favour  of  his  views,  and 
to  show  more  particularly  that  in  very  extensive  series  of 
compounds  (alcohols,  €„  Hn  +  ,  Oj ;  acids,  €„  H„  O4 ; 
compound  ethers,  Cn  Ha  O4,  Ac),  an  elementary  differ- 
ence, X  CsHs,  is  attended  by  a  difference  of  a?  x  19''  in 
the  boilinj:  points,  and  how  this  fact  is  intimately  con« 
nected  with  other  regularities  exhibited  by  the  boiling 
points  of  organic  compounds. 

1262.  Alinou^h  the  existence  of  the  relations  between 
chemical  composition  and  boiling  point  is  now  generally 
acknowledged,  and  in  mdjxy  cases  the  recognition  of 
these  relations  his  fumidhed  important  arguments  in 
discussions  regarding  the  true  molecular  value  of  organic 
comj)ounds  ;  nevertheless,  Xopp  is  of  opinion  that  these 
relations  have  scarcely  been  sufficiently  appreciated,  as 
important  means  of  control  in  experimental  inquiries, 
and  the  aid  which  they  are  frequently  capable  of  lending 
in  the  determination  of  the  true  chemical  character  of  a 
new  compound. 

1263.  In  a  memoir  in  the  Philosophical  Transaclions 
for  1860,  Kopp  points  out  the  facts  and  principles  which 
have  been  established,  and  ^  hich  he .  thus  sums  up : 
—"It  is  especially  with  regard  to  organic  compounds 
that  constant  relations  between  boiling  point  and  compo- 
sition have  been  demonstrated.  It  often  occurs  that  in 
the  case  of  analogous  compounds  the  same  difference  in 
the  boiling  points  corresponds  to  the  same  difference  in 
the  chemical  formulae,  or  that  the  differences  in  boiling 

Soints  and  those  in  composition  are  proportional.  In 
ifferent  series  of  analogous  compounds  the  same  dif- 
ferences of  boiling-point  may  correspond  to  the  same 
differences  of  composition,  but  this  does  not  obtain  in  all 
series.  The  regularities  exhibited  by  the  boiling  points 
of  organic  compounds,  and  more  especially  the  observation 
of  the  same  difference  of  boiling  point  corresponding  to 
the  same  difference  of  composition,  are  limited  to  certain 
groups.  In  other  groups,  the  same  difference  in  the  for- 
mulGB  involves  another  aifference  in  the  boiling  points."  * 

1264.  We  have  already  noticed  (1261)  that  among  the 

*  In  Kopp's  paper  the  old  atomic  weights  for  carbon  and  oxygen  are 
employed,  and  the  Centigrade  scale. 
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earliest  recognised  regularities,  comprising  at  the 
time  the  largest  number  of  compouncLi,  are  the  folio  wing:— 

let.  An  alcohol,  Cn  H.  +  >  O^,  which  contains  x  Cs  Ht 
more  or  less  than  another,  boila  at  a  temperatnre 
X  X  19°  higher  or  lower. 

2nd.  An  acid,  GnHnOA,  boils  at  a  temperature  4ff 
higher  than  the  alcohol,  0^  Ha  + 1 0|,  the  oxidation  of 
which  alcohol  may  give  rise  to  the  aCid. 

3rd.  A  compound  ether,  CaHnOo  boils  at  a  tem- 
perature 82"^  lower  than  the  acid,  CaHaO«,  iaomerie 
with  it. 

1265.  If  we  start  from  tbe  boiling  point  of  ethyl-alcohoL 
which  is  78®,  these  three  pn>p08itions  enable  us  to 
calculate  the  boiling  points  of  all  the  alcohols,  acids, 
and  compound  ethers  represented  b j  the  above  general 
formulsB. 

1266.  The  boiling  points  of  the  series  of  alcohols,  acids, 
and  compound  ethers  which  we  have  just  considered,  nre 
closely  connected  with  those  of  other  monatomic  aloohok 
with  two  equivalents  of  oxyteen,  represented  by  the  general 
formulee,  Uq  Hn  Ot ;  of  other  monobasic  acids  with  four 
equivalents  of  oxygen,  represented  by  the  geneml  formuls 
OaHmOtjand  of  the  ethers  generated  oy  the«e  acids 
and  alcohols,  the  general  forroulee  of  these  ethers  being 
Cn  Ha  O4.  It  is  frequently  observed  that  a  compound  of 
this  series,  which,  when  compared  with  an  analogous  body 
in  the  first  series,  contains  «  x  C  of  more  or  less,  but 
which  contains  the  same  number  of  oxygen  Mnd  bjdrogen 
equivalents,  boils  at  a  temperature  r  x  145^  higher  or 
lower,  or  (what  amounts  to  the  same  thing)  that  it  boili 
at  a  temperature  ar  x  6°  lower  or  higher,  accordingly  as  it 
contains  x  x  H  more  or  less. 

BXAMPLBS. 

1.  Benzoic  acid,  Cm  HeO*,  for  example,  contains  SofC 
more  than  the  acid  Ce  Hc04.  the  boiling  point  of  which  is 
137® ;  oonsequentlv,  the  lulling  point  of  bensoie  acid 
will  be  187  -f  8  X  14*6  =  263.  It  contains  8  B  less  tfaaa 
the  acid,  C^HuOa,  the  boiling-point  of  which  is  213"* 
Comparing  it,  therefore,  with  this  standard  (C,«H|«0«)i 
its  boiling-point,  by  calculation,  will  be  213  +  8  X  6=253. 

2.  Allyl-nlcohol,  Ge  H«0,.  contains  2  C  more  than  ethyl- 
alcohol,   C«H«0„  which    boils  at  78'';   the  calculated 
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boiling  point  of  allyl-alooho],  accordingly,  is  78+3  x  14'6 
s=:  107  'f  or  it  may  be  compared  to  tl^  alcohol  C«  H^  Os, 
the  boiling  point  of  which  is  97°,  when  the  boiling 
point  of  idlyl-aloohol,  which  contains  2  H  less,  will  be 
found  by  calculation  =  107  (=*  97  +  2  x  6). 

1267.  In  all  the  series  of  analogous  combinations  which 
liave  been  considered,  a  compound  containing  in  its  for- 
mula xCfUt  more  than  another,  is  found  to  boil  at  a 
temperature  x  x  19°  higher.  The  same  regularity  obtains 
in  other  series  of  analogous  compounds,  but  by  no  means 
in  all. 

1268.  We  also  find,  on  comparing  the  boiling  pomts  of 
the  corresponding  terms  in  the  seyeral  series  of  homo- 
logous subfitances  hitherto  considered,  that  many  other 
constant  differences  in  boiling  point  correspond  to  certain 
differences  in  composition.  Ihus,  a  monobasic  acid  is 
found  to  boil  44°  nigher  than  its  ethyl  compound,  and 
63°  higher  than  its  methyl  compound ;  and  this  constant 
relation  holds  good  even  for  acids  other  than  those  we 
hare  previously  noticed.  The  substitution  products  of 
acetic  acid  afford  suitable  examples  of  this.  The  boiling 
point  of  monochloraoetic  acid  (186°— 188°)  has  been  found 
to  be  about  44°  higher  than  that  of  the  monoohloracetate 
of  ethyl  (143*5°).  Starting  from  the  boiling  point  of  tri- 
chloracetate  of  methyl  fl&°),  or  from  that  of  trichlor- 
acetate  of  ethyl  (164''),  tne  boiling  point  of  trichloracetic 
aoid  is  found  by  calculation  to  be  208°.  Dumas  found  it, 
by  experiment,  to  be  about  200°. 

1269.  In  a  few  substances  other  than  acids,  the  sub- 
stitution of  C«H,  for  H  is  occasionally  attended  by  a 
decrease  of  44°  in  the  boiling  point ;  that  of  G,Hs  for  H 
by  a  decrease  of  63°. 

1270.  Not  in  all  homologous  series  does  the  elementary 
difference,  x  C«  Hs,  involve  a  difference  of  a;  x  19°  in 
boiling  point.  Kopp  shows  that  this  difference  is  greater 
for  the  hydrocarbons,  CaHn.c,  and  CaHa  +  s;  for  the 
acetones  and  aldehydes,  C^  Hn  Of ;  for  the  so-called  simple 
and  mixed  ethers,  On  Hn  -f-  sO, ;  for  the  chlorides,  brom- 
ides, and  iodides  of  the  alcohol  radicals,  Ca  Ha  + 1>  and 
for  several  other  groups.  That  it  is,  on  the  contrary, 
smaller  for  the  anhydrides  of  monobasic  acids,  GaHa-sO. ; 
for  the  ethers,  Ca  Ha.  tOs  (which  maybe  formed  either 
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by  the  action  of  one  molecnle  of  a  dibasic  acid,  CnB[,_,Qfc 
upon  two  molecules  of  a  monatomic  alcohol,  C^  &«  -t-  tOx, 
or  by  the  action  of  two  molecules  of  a  monobasic  acid, 
CaHaOo  upon  one  molecule  of  a  diatomic  alcohc^ 
Ca  Ha  +  8  O4,  and  several  other  series. 

1271.  Kopp  tbinks  "  that  there  can  be  no  doubt  tiiat  ia 
different  series  of  homologous  compounds  the  difiereoce 
of  boiling  point  corresponding  to  the  elementary    dif- 
ference X  Ct  H,  may  vary ;  that  frequently  it  is  found  to 
be  a;  X  19°,  hut  sometimes  more,  sometimes  less.     As  to 
theseinequalities  of  differences,  they  aresureto  be  governed 
by  a  more  general  law,  which  ^ill  probably  be  recoj^used 
When  a  sufficient  number  of  boiling- points  shall  have  been 
determined  under  a  pressure  different  from  the  ordiDaiy 
pressure  of  the  atmosphere  ;  for  it  cannot,  by  any  means* 
be  taken  for  granted  that  two  substances  will  exnibit  the 
same  difference  of  boiling  point,  whatever  may  be  the  pres- 
sure.   Let  S  and  Si  be  the  boiling  points  of  two  liquids 
under  the  ordinary  pressure,  and  «  and  Si  the   boiling 
points  under  another  pressure ;  then  the  assumption  of 
<S-— 5i  =  « — Si  would  involve  the  inference  <S^— *=  Si — Si ; 
that  is,  that  the  boiling  points  must  go  under  precisely 
the  same  change  for  the  same  change  of  pressure.    But 
this  conclusion— the  so-called  law  of  Dalton — is  by  no 
means  correct ;  and  it  majr  be  legitimately  held,  that  the 
homologous  substances  which  under  the  ordinary  pressure 
do  not  exhibit  the  most  frequently  observed  difference  of 
boiUng  point  (19°),  for  the  elementary  difference,  C^H^ 
would  certainly  show  that  difference  under  a  d[iffeient 
pressure.    But  sufficient  data  are  still  wanting  for  the 
appreciation  of  the  mode  in  which  differences  in  boiling 
points  are  affected  by  changes  of  pressure. 

1272.  Isomeric  compounds  belonging  to  the  same  type, 
and  possessing  the  same  chemical  character,  have  the  same 
boiling  point. 

1273.  Isomeric  compounds  belonging  to  the  same  type, 
but  possessing  a  different  chemical  character,  have  mf- 
ferent  boiling  points. 

1274.  Isomeric  compounds  belonging  to  different  types 
have  different  boiling;  points. 

1275.  The  determination  of  the  boiling  point  of  a  com- 
pound, together  with  an  examination  of  the  substances 
with  which  the  compound  is  serially  allied  in  boiiiBg 
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point,  may  be  of  great  aftsiatance  in  fixing  its  character, 
the  type  to  which  it  belongs,  and  the  series  of  homolo- 
sous  bodies  of  whioh  it  is  a  term.  Example:  —  The 
boiling  poinb  of  the  so-called  eugenic  acid  (261°)  shows 
that  this  substance,  although  represented  by  the  formula 
CmHisO*,  cannot  possibly  be  homologous  to  benzoic 
acid,  Ci4  He  O4  (boilio^  point  observed,  250° ;  calculated, 
263°).  This  result  might  be  inferred  with  the  greatest 
probability  from  the  boiling  point  of  the  two  substances, 
eyen  if  cuminic  acid,  isomeric  with  eugenic  acid,  and  the 
faomologue  of  benzoic  acid,  were  not  known.  On  the 
other  hand,  when  the  boiling  points  of  eugenic  acid  and 
of  hydride  of  salicyl,  CuHeO^  (boiling  point.  196**)  are 
considered,  it  becomes  extremely  probable  that  these  two 
bodies  are  homologous.  (To  the  difference  in  composition, 
C«  H«  =:  3  Cs  H„  corresponds  in  this  case  the  difference  in 
boiling  points,  260  — 196  =  54=3  X  IS*'.) 

1276.  The  boiling  points  of  polymeric  compounds  are 
also  different,  and  may  serve  to  determine  the  formula 
representing  a  substance. 

1277.  Kopp  calls  attention  to  the  boiling  points  of  the 
organic  bases,  but  I  must  refer  the  student  to  Xopp's 
Memoir  for  his  views  on  the  boiling  points  of  these 
bodies,  merely  remarking  that  I  do  not  think  we  have 
yet  sufficient  data  for  drawing  any  jgeneral  concluaiona 
respecting  the  comnosition  and  series  to  which  these 
boaies  belong  from  tnis  physical  character. 

1278.  The  comprehensive  recognition  of  definite  rela- 
tions between  composition  and  boiling  point  is,  for  the 
present,  chiefly  limited  to  organic  compounds.  Bat  for 
the  majority  of  these  compounds,  and  indeed  for  the 
most  important  ones,  this  relation  assumes  the  form  of  a 
simple  law,  which,  more  especially  for  the  monatomio 
aloonols,  Ca  Hm  Of ;  for  the  monobasic  acids,  Ca  Hm  O4 ; 
and  for  the  compound  ethers  generated  by  the  imion  of 
the  two  previous  classes,  is  proved  in  the  most  general 
maimer;  so  much  so,  indeed,  that  in  many  cases  the 
determination  of  the  boiling  point  furnishes  most  material 
assistance  in  fixing  the  true  position  and  character  of  a 
compound.  And  it  deserves  more  especially  to  be  noticedt 
that  the  simplest  and  most  oomprehensive  relations  have 
been  recognised  for  those  dasses  of  organic  oompoimda 
which  have  been  longest  known  and  most  aoourately 


560  FBIOTIOKAL  DISTILIATIOV. 

investigated ;  and  that  even  for  those  classes  the  generalitf 
and  simplicity  of  the  relation,  on  aoconnt  of  namcrow 
boiling  points  incorrectly  observed  'at  an  earlier  date, 
appeared  in  the  eommeneement  doubtful,  and  ooold  be 
more  fully  acknowledged  only  after  a  considerable  number 
of  netr  determinations.  Thus  we  are  iustifled  in  hopiag 
that  in  other  classes  also  of  compounds,  in  which  simpb 
and  comprehensive  relstions  have  not  hitherto  been 
traced,  these  relations  will  become  perceptible  as  aoonss 
the  verification  of  the  boiling  points  oi  terms  already 
known,  and  the  examination  of  new  terms,  shall  have  laid 
u  broader  foundation  for  our  conclusions. 

BXSBOISH. 

191.  Calculate  the  boiling  points  of  the  followiBg  sub- 
stances :  —  Methyl-alcohol,  ethyl*aloohol,  amyl-alcohd, 
cetyl -alcohol,  formic  acid,  acetic  acid,  proprionie  acid, 
oaprylic  acid,  formiate  of  methyl,  acetate  of  methyl,  for- 
miate  of  ethyl,  acetate  of  ethyl,  formiste  of  butvl,  vrnkente 
of  ethyl,  butyrate  of  propyl,  acetate  of  amyl,  aUyl-aleohol, 
phenyi-aloohol,  angelio  acid,  benicic  acid,  valerate  of 
allyl,  bensoate  of  allyl,  cinnamate  of  methyl. 

1279.  Pactional  distUlaiitm, — ^When  several  volatiliB 
substances,  of  different  boiling  points,  occur  mixed  to- 
gether, distillation  is  frequently  employed  in  such  cases 
as  the  teparatinff  process,  just  as  crystallisation  is  em- 
ployed to  separate  crystalline  bodies,  or  fractional  preci- 
pitation to  separate  solid  bodies.  The  distillation  is 
conducted  in  the  following  manner:— Hie  mixtnre  is 
introduced  into  a  retort,  which  the  student  will  see,  ss 
we  proceed  with  the  description,  must  be  a  Iso^  one. 
A  thermometer  is  placed  in  tne  tubulure  of  the  retort,  u 
described  in  par.  1267.  The  boiling  point  of  the  subntsnesb 
as  it  is  a  mixture,  will  not  be  stationarv,  but  will  keep 
gradually  ascending  (1266).  To  effect  the  separation  oc 
the  substances,  the  receiver  must  be  ehsnged  at  eveiy 
10°  F.  or  6°  C.  Each  of  the  fractions  thus  obtained  most 
be  submitted  to  a  second  fractionation,  and  each  frseftioa 
obtained  in  the  second  fruetionation  must  be  submitted  to 
a  third,  and  we  must  continue  to  repeat  tiie  fitustionatioBt 
tiniil  each  fractUm  hat  a  consUmt  or  almott  a  oom^wU 
hQUiag  poM,     The  different  substances  eompoaing  tbe 
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original  mixture  are  then  perfectly  separated,  or  at  least 
as  perfectly  as  this  process  can  make  them. 

1280.  We  will  treat  the  subject  under  the  followinj^ 
heads:— Ist.  That  the  process  is  oneof  sreat  labour,  if 
the  mixture  is  a  complex  one.  2nd.  Modifications  of  the 
process  in  special  cases.  3rd.  The  process  not  an  accurate 
one  in  all  cases.  4th.  Examples  of  the  separation  of 
bodies  by  this  process. 

1st.  If  the  mixture  begins  with  a  low  boilinf(-point, 
and  rises  very  high,  the  great  labour  required  in  such 
an  inyestigation  will  be  apparent,  when  we  consider  the 
number  of  fractions  which  will  be  obtained,  even  in  the 
first  distillation,  and  that  each  fraction,  when  submitted 
to  the  second  fractionation,  will  probably  be  divided  into 
four  or  five  fractions.  Thus,  for  instance,  if  the  mixture 
commenced  to  boil  at  200°  F.  and  rose  to  400°  F.,  twenty 
fractions  would  be  obtained  in  the  first  fractionation ;  and 
if  the  liqidds  were  fractionated  fifteen  times,  as  was  the 
case  in  the  inyestigation  of  naphtha  from  Boghead  coal,  by 
G-reville  Williams,  and  in  the  investigation  of  the  bases 
from  Dippel's  oil,  by  Dr.  Anderson,  300  distillations 
would  be  required  at  least ;  but  in  each  of  the  investi- 
gations we  have  named,  1,000  distillations  were  made. 

We  may  here  observe,  that  the  boiling  points  of  the 
fractions  are  lower  in  the  second  than  in  the  first  distil- 
lation, and'this  depression  of  the  boiling  point  continues 
sometimes  to  take  place  up  to  the  sixth  fractionation,  and 
the  superior  limit  of  temperature  of  the  first  distillation 
is  extended  in  the  second,  &o.  Example : — Mansfield,  in 
hia  examination  of  light  coal  naphtha,  observed  a  great 
depression  in  the  point  at  which  ebullition  commenced  in 
the  c&se  of  each  successive  fraction  in  the  second  distil- 
lation ;  while,  on  the  other  hand,  the  thermometer  index 
rose  far  higher  than  the  superior  limit  of  temperature, 
below  which  Uie  same  fluid  was  distilled  in  the  nrst  frac- 
tionation. For  instance,  the  fraction  which  commenced 
from  the  boiling  point,  230°  F.  in  the  first  distillation, 
began  to  boil  at  about  196°  F.  in  the  second ;  while  of  the 
same  portion,  all  of  which  was  received  below  239°  F.  in 
the  first,  more  than  a  quarter  remained  unvolatilized  at 
248°  F.  in  the  second  distillation,  so  that  each  fraction  of 
9°  F.in  the  first  was  distributed  over  from  54°  to  72° F.  in  the 
2o 
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seoond  fractionation.  This  lowering  of  the  boiling  pointe 
ia  not  due,  in  the  majority  of  caaea,  to  a  deoompoeition  of 
the  Bubatancea.  but  to  a  gradnally  inereaaing  separation 
of  the  lesB  volatile  portions  of  the  mixture. 

The  student  will  see,  from  what  has  already  beea 
stated,  that  though  a  large  retort  will  be  required  for 
distilling  the  original  mixture,  if  comnlex,  muok  amalkr 
retorts  will  be  required  for  distilling  tne  fraotiona. 

2nd.  If  it  is  intended  merely 
to  isolate  a  more  volatile  fluid 
from  a  leas  volatile  one,  Wurti' 
apparatus  (Fig.  24)  may  be  em- 
ployed with  great  aarantage. 
The  tube,  a,  is  fixed  by  means 
of  a  perforated  cork  in  the  nedc 
,  of  the  flask  in  which  the  liquid 
is  to  be  distilled.  The  thermo* 
meter  is  fixed  by  means  of  a  per- 
forated cork  in  the  opening,  i, 
the  bulb  of  the  thermometer 
resting  in  the  bulb,  e.  The  tube, 
dt  forms  the  exit  tube.  The  por- 
tion of  the  vapour  of  the  less 
volatile  fluid  which  ia  carried 
upward  by  the  vapour  of  the 
more  volatile  one,  is  condensed 
in  the  bulb,  c,  and  flows  bade 
into  the  flask,  whilst  the  vapour 
of  the  more  volatile  one  passes  on  through  the  exit  tube, 
d,  and  thus  the  two  fluids  become  separated.  Max  Duire 
found  this  apparatus  very  useful  in  the  fractional  distil- 
lation of  the  ught  coal  naphtha  obtained  from  the  destruc- 
tive distillation  of  brown  coal. 

Wurtz'  apparatus  is  very  similar  in  principle  to  the  one 
which  Mansfield  contrived  for  the  separation,  on  the  large 
scale,  of  benzole  from  toluole,  cumole,  cymole,  and  other 
hydrocarbons  in  coal-tar.  Mansfield's  apparatus  ia  shown 
in  fig.  25.  A  is  the  retort,  or  boiler,  which  is  charged  with 
the  coal  naphtha,  from  which  the  vapours,  as  Uiey  are 
evolved,  are  conducted  into  B,  the  nead,  through  the 
neck,  C.  D  is  a  pipe  which  leads  from  the  top  of  B  to  any 
convenient  condenser,  represented  in  the  diagram  by  a 
still-worm,  E ;  from  the  mouth  of  which,  F,  the  beniole 
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nms.  B  is 
enclosed,  be- 
low and  on 
the  sides,  in 
an  enter  res- 
sel,  G,  which 
isopenabove, 
ana  nearly 
filled  with 
water,  which 
need  not  be 
ohanffed  dur- 


ing tne  ope- 
ration. H  is 
a  secondary 
neck,throuffQ 
whidi  the 
remainder  of 
the  naphtha, 


Pxa.  25. 


after  the  extrication  of  the  benzole,  may  be  distilled  off, 
by  tnminff  on  the  tap,  I.  K  is  a  pipe  for  mnning  off  the 
tarry  residae.  * 

As  there  is  a  wide  interyal  between  the  boiling  point  of 
benzole  and  the  boiling  points  of  the  other  hydrocarbons 
we  have  namf  d,  the  separation  of  the  benzole  from  these 
other  hydrocarbons  becomes,  on  account  of  this  difference, 
comparatiyety  easy.  When  heat  is  applied  to  the  retort, 
A,  the  temperature  of  the  naphtha  m  A  will  gradually 
rise,  until  at  last  it  boils ;  the  yaporized  portion,  when  it 
comes  in  contact  with  the  cold  mner  surface  of  B,  will 
be  condensed,  and  flow  back  into  A ;  B,  and  the  water  in  G, 
become  warmed  by  this  condensation;  the  temperature 
of  the  water  soon  reaches  nearlj^  to  the  boiling  point  of 
benzole,  which  will  therefore  distil  oyer  rapidly,  while  so 
much  of  the  toIuole,and  oils  haying  higher  boiling  points, 
as  is  carried  up  into  B  with  the  benzole  yapour,  is  still 
almost  entirely  condensed,  and  returned  into  the  retort. 
The  benzole  continues  to  distil  till  the  naphtha  is  exhausted 
of  it,  and  the  temperature  of  the  water  goes  on  rising 
until  it  boils ;  no  liquid  then  remains  in  the  retort  that 
has  not  a  boiling  point  at  least  25^  F.  aboye  that  of  water. 

Sometimes  it  is  necessary,  in  the  separation  of  yolatUe 
substances,  to  make  the  liquid  boil  at  a  lower  temperature 
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than  it  does  at  the  ordinary  pressure  of  the  atmoephefe; 
the  boiling  point  may  be  lowered  by  distilling  in  an  atano- 
sphere  of  a  gas  which  is  lighter  than  that  oi  atmospbene 
air ;  but  the  most  effectual  plan  is  to  reduce  the  premire 
of  the  atmosphere  by  connecting  the  apparatus  with  is 
air-pump. 

When  the  difference  in  the  boiling  points  of  the  liquids 
which  have  to  be  separated  is  less  tlmn  from  40^  to  50°  C^ 
it  is  difficult,  if  not  impossible,  to  separate  them  by  distil- 
lation under  the  ordinary  conditions :  we  are  sometimes 
able  to  effect  a  separation  in  such  cases,  in  distilling  under 
a  reduced  pressure,  because  the  difference  in  the  tensioa 
of  their  vapours  is  frequently  greater  under  the  diminidied 
pressure.  This  process  is  applicable,  for  example,  to  a 
mixture  of  alcohol  and  ether ;  less  of  the  alcohol  distils 
oyer  when  the  mixture  is  distilled  at  a  low  temperature. 
These  results  are  obtained  if  we  effect  the  distillation  in 
an  apparatus  in  which  a  yacuum  has  been  made,  after  the 
retort  and  the  receiyer  have  been  placed  in  cooling  mixtures 
of  different  temperatures,  the  receiver  being  placed  in  die 
one  of  the  lowest  temperature.  We  can  place  the  retort, 
A  (fig.  26),  in  ice,  and  the  receiver,  B,  in  a  mixture  of  ice 
and  crystallized  chloride  of  calcium ;  the  cork  o^  which 
attaches  the  retort  and  receiver,  is  covered  with  sealing- 
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wax ;  also  the  oork  b,  which  oonneots  the  receiver  with  the 
tube  of  lead :  the  other  end  of  the  lead  tube  is  connected 
with  an  air-pamp,  G ;  the  lead  tube  is  provided  with  a  stop- 
cock, c.  When  the  vacuum  has  been  produced,  ebulli- 
tion commences ;  the  stopcock,  o,  is  then  shut ;  the  distilla- 
tion continues,  on  account  of  the  difference  in  temperature 
which  exists  between  the  receiver  and  the  retort:  for 
arresting  the  distillation  the  stopcock  is  opened,  and  air 
allowed  to  enter. 

When  the  organic  substances  are  oxidized  by  the  air  at 
the  temperature  at  which  they  boil,  they  are  distilled  in 
a  current  of  dry  hydrogen  or  carbonic  acid ;  to  effect  this, 
we  fix  in  the  tubulure  of  the  retort  a  tube  communicatinjg 
with  the  apparatus  in  which  the  gas  is  disengaged,  and  it 
dips  down  to  the  bottom  of  the  liquid  to  be  distilled : 
before  commencing  this  distillation,  the  entire  apparatus 
18  filled  with  the  gas ;  the  current  of  gas  is  continued  daring 
the  whole  time  the  distillation  is  carried  on. 

Instead  of  distilling  alterable  liquids  in  an  atmosphere 
of  an  inert  gas,  we  may  distil  them  in  a  current  of  steam ; 
the  vapours  of  many  oils  have,  for  example,  a  tension 
sufficiently  great,  at  the  temperature  of  100^  C,  for  being 
carried  over  by  the  aqueous  vapour,  and  condensed  wiu 
it.  Many  of  the  essences  to  wnich  plants  owe  their  per- 
fame  can  be  isolated  by  this  means. 

When  the  liquid  is  a  mixture  of  two  bodies,  we  can 
sometimes  succeed  in  separating  them  by  heating  the  liquid 
with  a  chemical  reagent  which  attacks  one  of  the  bodies 
without  altering  the  other.  This  process  can  be  applied 
to  a  great  nuo^er  of  essential  oils;  these  liquids  are 
generally  a  mixture  of  a  substance  composed  of  carbon 
and  hydrogen  (frequently  in  the  proportion  of  essence  of 
turpentine),  and  of  another  substance,  composed  of  carbon, 
hydrogen,  and  oxygen ;  caustic  potash  generally  attacks 
the  latter  substance,  whilst  it  is  without  action  upon  the 
former.  In  cases  of  this  kind,  we  can  either  ettect  the 
separation  by  treating  the  essential  oil  with  a  concen- 
trated solution  of  potash,  which  will  dissolve  the  oxygen 
compound,  or  by  distilling  the  essential  oil  off  solid  caustic 
potash,  which  will  unite  with  the  oxygen  compound,  and 
thus  prevent  it  from  distilling  over  with  the  other  sub- 
stance. 

3rd.  Even  when  a  constant  boiling  point  has  been  oh- 
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tained,  tbe  liquid,  if  the  original  mixture  was  a  complex  one, 
may  still  be  a  mixture  of  different  families  of  hydrocarbou 
(see  pan.  1283  and  1284).  areville  Williams,  who  hu 
had  ^at  experience  in  fractional  distillations,  obserres,— 
«  This  process  (fracfcionid  distillation)  is  not  only  one  d 
great  labour,  but,  unfortunately,  it  has  little  claim  to 
accuracy  as  regards  the  absolute  separation  of  bodies,  it 
being,  perhaps,  almost  impossible  to  procure  one  sub- 
stance out  01  a  mixture  of  homologous  fluids  in  sueh  a 
state  that  it  can  be  said  to  contain  no  admixture  of  itM 
associated  compounds.*  This  arises  from  the  fact  tiiak 
the  boiling  point  of  an  organic  fluid  is  dependent  upon 
the  relatiye  number  of  atoms  of  carbon  and  hydrogea 
present,  the  former  element  raising,  while  tfaye  latter 
towers  the  degree  at  which  it  is  conyerted  intov^^ur 
"      ) ;  it  will  therefore  be  seen,  that  on  endearouiing  to 


separate  bodies  by  this  means,  when  homologous  gtom 
are  present,  it  is  possible 'to  obtain  fluids  having  toa 
tiieoretical  boiling  point,  and  proportion  of  carbon  and 
hydrogen  in  the  hundred  parts,  and  yet  being  admixturei 
or  the  fluids  above  and  below  in  the  homologous  seiie^ 
the  deflcienoy  in  the  carbon  and  hydrogen  of  those  lower 
in  the  series  being  exactly  counterbalanced  by  the  exoesi 
in  that  portion  present  lielonging  to  a  higher  {xwition  in 
the  group.  This  mode  of  separating  bodies  is  alwaji, 
therefore,  to  be  considered  as  by  no  means  preventuig 
the  necessity  for  further  modes  of  purification  beiag 

*  Dr.  WanUjn  has  qoite  reoentlj  oommnmoftted  %  piwer  on  tbii  nb- 
jeot  to  the  Royal  Sooietj,  of  whioh  the  following  is  an  abotfrnofc  t—WbM 
we  mix  liaaidfl  of  different  boilinfr-pointa  together,  and  distil  the  mixtonb  i|| 
does  not  oy  airr  means  follow  that  the  liquid  of  low«*t  boiling  point  «iM 
distal  orer  ttM/oMtett.  The  liaoid  of  lower  boiling  point  will  give  of  <>> 
greater  volmme  of  raponr,  bat  the  liquid  of  higher  boiling  point  not  ofl^ 
qoently  gives  off  iheartaUr  mttigki  of  Tapoor.  In  estimntuig  whetiMr  d 
two  liquids  will  boil  off  faster  whw  they  are  mixed,  it  is  not  only  aumutj 
to  take  into  aooount  the  tetuum  of  the  rapours  at  the  I "^ 


mixture,  but  also  the  tp^e^e  graeUj/  of  the  Tapoura.    Dr.  Waiik]yBjP|«> 


the  following  example :— He  took  equal  weights  of  methjl-aloohol  andloaw 
of  ethyl,  and  distilled  the  mixture ;  he  found  that  iodide  of  ethyl,  sltlioi«k 
it  has  a  niffher  boiling  point  than  methjl-aloohol,  distils  over  moek  M* 
than  that  liquid.  He  ^pPjiM  the  principle  to  explain  why  homok)KaM  an 
to  diiBoult  to  separate.  The  hi(^r  the  formula  of  a  homologoe  ths  Up* 
is  its  boiling  pomt,  but,  what  tends  to  neutralise  this,  the  hightr  it  w* 
speoiilc  gravity  of  the  vapour  wbioh  it  gives  off.  He  also  explains,  on  tte 
same  principle,  why  oils  distil  over  so  readily  with  watery  vapour*  O19 
vapours  are  heavy,  watery  vapour  is  h'ght;  a  small  voluwu  of  oiltf  vipotf 
represents  therefore  oomparatively  a  grMt  weight. 
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adopted  in  all  possible  cases,  and  it  is^  only  with  some 
neutral  hydrocarbons  that  any  great  difficiuty  occurs  in 
this  respeet." 

4th.  We  will  now  give  a  brief  outline  of  the  .actual 
prooMses  which  were  followed  in  the  separation  of  the 
volatile  bases  from  bone  oil,  and  the  separation  of  the 
hydrocarbons  in  coal  naphtha : — 

1281.  Dr.  Anderson  commenced  the  isolation  of  the 
different  bases  in  bone  oil  in  the  following  way :  he  first 
redistilled  the  bone  oil  of  commerce,  and  wnen  about 
two-fifths  of  the  oil  had  passed  over,  a  point  was  attained 
at  which  the  temperature  required  to  be  raised  consi- 
derably ;  the  receiver  was  changed  for  the  purpose  of  col- 
lecting the  less  volatile  portion  apart ;  the  distillation  was 
then  continued  until  the  bottom  of  the  retort  reached  a 
red  heat.  Organic  bases  were  found  to  be  present  in 
both  distiUates,  and  as  they  were  thus  crudely  separated 
into  two  classes,  the  first  distillate  containing  the  more 
volatQe,  and  the  second  distillate  the  less  volatile  ones, 
the  distillates  were  separately  treated  for  the  removal  of 
the  bases  from  the  oils :  the  treatment  was  the  same  in 
each  case. 

1282.  The  distillate  was  treated  with  sulphuric  acid 
diluted  with  about  ten  times  its  weight  of  water;  the 
fluids  were  left  in  contact  for  a  week  or  two,  during  which 
time  they  were  frequently  agitated;  after  the  lapse  of 
that  time  the  acid  solution  was  drawn  off,  and  the  oil 
continued  to  be  treated  with  fresh  quantities  of  acid« 
until  all  the  bases  were  removed :  the  different  acid  solu- 
tions were  mixed  together.  Dr.  Anderson  added  to  the 
acid  mixture  thus  obtained  more  acid,  and  then  introduced 
the  mixture  into  a  retort  and  distilled,  as  he  thought  it 
possible  that  some  of  the  more  volatile  bases  might 
escape  from  the  acid  on  the  application  of  heat ;  they 
would  tiiuB  have  been  lost  if  the  solution  was  evaporated 
in  an  open  vessel ;  but  this  was  not  found  to  be  the  case,  as 
only  some  non-basic  oil  and  water  distilled  over :  in  the 
latter  liquid  Bunge's  pyrrol*  was  found  to  be  present.    As 

*  Yolfttile  organio  bMM  with  retj  bigh  boiling  jpomts  we  deoompotad 
during  diBtillatwn  with  the  fonuAtion  of  pyrrol  (0«  Hg  K) ;  thia  bodj  it 
recognised  by  ite  oberMterietic  ree^tion  of  fteining  flr-wood,  moietened  with 
kydrocblorio  Mid,  brighl  red  or  aimion.    In  the  fimnole  giyen  for  pyrrol 
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no  bases  were  found  to  escape  from  the  acid,  the  Bolntin 
was  transferred  from  the  retort  into  an  evaporating  dialu 
and  evaporated  to  a  small  bulk.  After  the  evaporation  tba 
liquid  was  strained  tbroagh  calico  to  remove  the  tar 
which' had  separated  during  the  evaporation;  it  was  then 
introduced  into  a  retort,  and  lime,*  potash,  or  soda  (eack 
of  these  bases  answers  equally  well)  was  added  in  excess; 
the  solution  was  then  distilled,  care  being  taken  to  con- 
dense all  the  bases.  Stick  potash  was  added  to  the  dii- 
tillate  in  order  to  separate  the  bases  from  the  water;  on 
the  addition  of  the  potash  the  bases  floated  on  the  top* 
and  were  then  removed  and  subjected  to  fractional  dis- 
tillation, the  receiver  being  changed  at  every  10*P.,  tbe 
different  fractions  re-fractionated,  and  this  was  con- 
tinued until  constant  boiling  points  were  obtained.  The 
different  bases  thus  isolated  were  submitted  to  the  usoal 
examination  of  basic  bodies,  to  determine  their  composi- 
tioD,  atomic  weight,  &o. 

1283.  Greville  Williams  found,  in  his  investigation  of 
the  volatile  bases  produced  by  the  destructive  distillati<m 
of  bituminous  shale,  that,  even  after  constant  boiling 
points  had  been  obtained,  the  bases  were  not  com- 
pletely separated ;  he  has  therefore  proposed,  in  the  place 
of  fractional  distillation,  the  fractional  crystalliaation  of 
the  platinum  salts  of  the  bases.f 

11281  To  determine  the  nature  and  composition  of  1^6 
different  hydrocarbons  which  may  be  present  in  such  sub- 
stances as  coal-nanhtha,  or  the  so-called  mineral  oils  of 
America  and  Canaoa,  the  naphtha  is  first  treated  with  dilute 
sulphuric  acid  (one  part  of  acid  to  about  nine  of  water),  so 
as  to  remove  any  organic  bases  which  may  be  present 
After  the  removal  of  the  acid  mixture  the  naphtha  is  washed 

*  The  only  olqeotion  to  th«  emplojiiient  of  lime  is  the  large  quantity  of 
iAsolnble  sulphate  of  lime  which  is  formed,  and  which  settlea  down  on  <te 
bottom  of  the  retort. 

t  "  The  dii&eolties  in  the  wav  of  separatijig  seToral  basio  Uquida  of  sos- 
lofpus  oonstitation  bj  firaotional  distiUatton  are  so  great,  that  it  would  upp^ 
quite  hopeless  to  obtain  any  one  prodoot  absolutehr  pore,  eren  whes  ths 
^vantity  of  material  at  command  is  yeiy  considerable ;  but  by  first  frie* 
tionating  the  liquid  by  distillation,  and  then  oonrerting  the  fnotioos  into 
platinum  salts,  and  repeatedlT  crystallising,  until  the  i>roduet  gires  exsollf 
the  theoretical  quantify  of  olatinum,  we  may,  1^  distillation  with  jpotsA* 
obtain  the  basem  a  state  fit  for  tiie  examination  of  its  propsartiea.-  OrewB* 
Williams  **  On  Pyridine  amoni;  the  Volatile  Bases  in  the  Naphtha  tnm 
*  the  Bituminous  Shale  of  Dorsetohire,  and  on  the  Fraotioiial  CiyataliiistioB 
of  FUtinnm  Salts :"  PAOpsopMeai  Jf <^a«iM,  18M. 
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with  water,  and  then  treated  with  a  dilute  solution  of 
potaah,  to  remoye  any  organic  acids  which  might  be  pre- 
sent.  Aflter  the  remoyal  of  the  alkaline  liqnid,  the  naphtha 
is  washed  several  times  with  water ;  and  in  order  that  the 
bases  may  be  completely  removed,  the  treatment  with  the 
acid  and  with  the  alkah  is  repeated.  The  naphtha  is  now 
submitted  to  fractional  distillation,  the  receiver  being 
changed  at  every  l(f  F.,  and  the  fractionation  is  repeatea 
until  each  fraction  has  a  constant, or  almost  constant  boiling 
point.  Greville  Williams  found,  in  his  investigation  of  the 
naphtha  from  Boghead  coal,  that  even  after  the  fractions 
had  attained  a  constant  boiling  point,  three  series  of  hydro- 
carbons were  present,  viz.,  the  alcohol  radicals,  the  benzole 
series,  and  the  olefiant  gas  series;  he  ascertained  the 
presence  of  these  bodies,  and  separated  them  in  the  follow- 
ing manner : — 

Ist.  Each  fraction  is  treated  in  a  flask  with  a  mixture 
of  nitric  acid  and  sulphuric  acid :  after  the  addition  of  the 
acid  the  mixture  is  repeatedly  shaken;  the  acid  is  then 
removed,  and  the  hydrocarbon  li(]^uid  is  continued  to  be 
treated  with  concentrated  nitric  acid,  until,  on  the  addition 
of  water  to  the  acid  liquid,  no  further  separation  of  nitro- 
compounds occurs ;  the  acids  remove  the  members  of  the 
benzole  and  olefiant  gas  series.  The  liqnid  unacted  upon 
bjr  the  acid  is  then  washed  with  water,  dried  by  bemg 
digested  on  stick  potash,  and  when  dry  is  distilled  severu 
times  over  sodium.  The  analysis  of  these  bodies  gave  the 
carbon  and  hydrogen  in  the  proportion  of  the  alcohol 
radicals,  and  also  of  the  hydrides  of  the  alcohol  radicak ; 
thus  the  fraction  distilling  between  US'"  and  121'' F.  gave 
tbe  formula  C«  H^;  this  corresponds  to  the  alcohol  radical 
butyl,  but  it  also  corresponds  to  the  hydride  of  the  radical 
of  caprylic  alcohol.  Williams  concluded  from  the  boiling 
points  and  the  vapour  densities,  that  these  bodies  were 
alcohol  radicals,  and  not  the  hydrides  of  these  radicals. 
He  has  submitted  these  bodies  to  a  fresh  investigation,  to 
determine  whether  they  are  alcohol  radicals  or  their  hy- 
drides ;  he  now  concludes  they  belong  to  the  latter  class 
of  bodies,  as  we  shall  immediately  see. 

2nd.  Another  portion  of  the  different  fractions  was 
taken  for  determming  what  members  of  the  olefiant  gas 
and  benzole  series  were  present ;  to  effect  their  separation, 
each  fraction  was  oohobated  with  about  half  its  bulk  of 
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ftuning  hrdriodio  acid  in  a  flask  for  about  three  or  four 
hoQTB.  Tke  neck  of  the  flask  was  then  cut  off,  and  replaeed 
by  a  bent  tube  connected  with  a  condensing  appsntaa. 
On  applying  a  gentle  heat  the  hydrocarbons  unactad  oa 
slowly  distilled  away.  The  more  volatile  portion  hsfiv 
in  this  manner  been  removed,  the  distillation  was  earned 
on  in  a  current  of  steam  until  the  distillate  began  to  nnk  i& 
water.  The  receiver  was  then  changed,  and  the  prodoei 
collected  apart.  The  hydriodic  acid  converts  the  olefisot 
series  into  the  iodides  of  the  monatomic  radicals,  whilft 
the  other  two  series  of  hydrocarbons  are  unact^ed  upoa, 
and  are  distilled  off. 

3rd.  The  benaole  series  were  removed  by  treatiiig  the 
mixture  with  fuming  nitric  acid  (476). 

1286.  Greville  Williams  has  once  more  endeaTooied  to 
determine  whether  the  bodies  unacted  upon  by  nitric  add 
in  the  coal  naphtha  are  the  alcohol  radicals,  or  the  hydridei 
of  these  radicals.  As  he  was  not  aware  of  any  reactions 
which  distinj^uish  the  two  classes  of  bodies,  he  attempted 
the  solution m  the  following  maimer: — ethyl  and  hyduide 
of  amyl  are  isomeric  bodies;  the  first  is  a  gas  and  the 
latter  is  a  liquid  at  common  temperatures ;  therefore,  if  a 
U^fuid  having  this  composition  could  be  discovered  in  the 
naphtha,  it  must  be  hydride  of  taajl,  and  not  ethyl.  The 
search  was  made,  and  a  liquid,  having  the  composition  of, 
and  also  agreeing  in  vapour  density  with  hydride  of  amyl, 
was  discovered;  ne  concludes  from  this  result,  that  tab 
indifferent  hydrocarbons  i^,in  all  probability,  homologues 
of  marsh  gas,  and  only  isomeric  with  the  true  alcohol 
radices.  Bince  then,  Schorlemmer  has  commenced  the 
investigation  of  the  naphtha  produced  in  the  destroetive 
distillation  of  cannel  coal ;  he  separated  the  indiSerait 
hydrocarbons  from  the  olefisnt  and  benzole  series  in  the 
way  Williams  had  done,  vis.,  by  nitric  acid.  He  conoludes 
that  these  hydrocarbons  are  uie  hydrides  of  the  tilodUi 
radicals,  and  not  the  radicals  themselves,  because  they  are 
transformed  by  the  action  of  chlorine  into  their  corre- 
sponding chlorides.  He  found  in  the  oil  boiling  bdov 
mf  C.  the  following  four  hydrides  :— 

GwHu  hydride  of  amyl    •   boiling  point    39**  C. 

Cm  Hm  hydride  of  hexyl  -        „  „       68*  C. 

Ci4H„  hydride  of  heptyl-        „  „      98*0. 

Cm  Hu  hydride  of  octyl   -        „  „     119*0. 
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He  also  found  these  four  hydrides  in  the  oils  known  by 
the  name  of  the  turpentine  substitnte,  and  obtained  as  thie 
first  product  in  the  rectification  of  the  crude  American 
rock  oil.  He  found  that  different  samples  of  these  oils,  as 
found  in  commerce,  possess  very  different  pronerdes ;  the 
specific  gravity  lies  between  0*70* — O^S"*.  One  sample 
'  began  to  boil  at  30°  C,  and  the  greatest  portion  distilled 
oyer  below  100''  C,  whilst  the  boiling  point  of  other 
samples  ranged  between  80^—150*0.,  and  others  between 
100»— 200*  C. 

1286.  Specific  heat,— If  equal  quantities  of  the  same 
liquid,  at  different  temperatures,  are  mixed  together,  the 
temperature  of  the  m^ure  will  be  the  mean  of  the  two ; 
thus,  if  one  pound  of  water  at  60°  is  mixed  with  the  same 
quantity  at  212°,  the  temperature  of  the  mixed  mass  will 
be  136°.  But  if  equal  weights  of  different  fluids  are  mixed 
together,  the  temperature  of  the  mixture  will  not  be  the 
m^an  of  the  two ;  thus,  if  one  pound  of  mercury  at  40°  is 
mixed  with  the  same  quantity  of  water  at  156°,  the  tem- 
perature of  the  mixture  will  be  152*3°.  Therefore,  whilst 
the  temperature  of  the  water  has  only  been  depressed 
3*7°,  enough  heat  has  been  evolyed  to  raise  the  tempera- 
ture of  the  mercury  112'3°.  If  we  substitute  yolumes  for 
weights,  we  find  that  water  requires  double  the  quaatitj 
of  heat  that  an  equal  yolume  ofmercury  requires,  to  raise 
it  a  certain  number  of  degrees ;  thus,  if  two  glass  yessels, 
one  containing  water  and  the  other  an  e^udl  volume  of 
mercury,  be  immersed  at  the  same  time  m  a  hot  water 
bath,  it  will  be  found  that  the  mercury  becomes  heated 
to  the  temperature  of  the  water  in  the  bath,  in  ha^  the 
time  that  the  water  in  the  glass  yessel  requires  to  gain 
that  temperature ;  and  if  the  yessels  containing  the  mercury 
and  water  be  remoyed  from  the  bath,  after  the  two  liquids 
haye  arriyed  at  the  same  temperature,  the  mercury,  it  will 
be  found,  will  cool  twice  as  rapidly  as  the  water.  To  take 
another  example;  if  one  pound  of  iron  filings  at  68° be 

§  laced  in  one  pound  of  water  at  32°,  the  temperature  of 
lie  mixture  will  be  36°;  consequently,  the  quantity  of 
beat,  the  loss  of  which  lowers  the  temperature  of  the  iron 
32°,  increases  the  temperature  of  the  water  only  4°.  It  is 
eyident  from  these  examples,  that  equal  weights  and  equal 
yolumes  of  different  substances  require  the  addition  of 
different  quantities  of  heat  to  produce  the  same  alteration 
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in  their  temperature ;  hence,  different  bodies  at  the  \ 
temperature,  and  whose  Yolnmea  or  weights  are  eqna], 
oonUin  unequal  qnantities  of  heat. 

1287.  From  what  has  just  been  stated,  the  atudent  will 
see  clearly  that  the  thermometer  only  measures  the  tem- 
peratare  of  bodies,  and  not  the  amount  of  heat  they  eon- 
tain  ;  for  different  bodies,  at  the  same  temperatnre,  and 
whose  volumes  or  weights  are  equal,  contain  unequal 
quantities  of  heat.  Unequal  quantities,  by  volume  or 
weight,  of  the  same  body,  may  also  indicate  tne  aame  tem- 
perature, though  the  larger  quantity  must  necessarily 
contain  more  heat  than  the  lesser  quantity ;  for  instanoeb 
the  water  in  a  wineglass  will  have  the  same  temperature 
as  the  water  in  a  cistern,  if  filled  from  the  same  souroe. 
**  In  one  condition  only  the  thermometer  becomes  a  direei 
measure  of  the  amount  of  heat ;  and  that  is  in  the  case  of 
the  same  weight  of  the  same  substance.  Thus,  if  we  take 
the  1  lb.  of  water,  it  is  true  that,  if  a  given  amount  of  heat 
will  raise  its  temperature  one  degree,  twice  the  amount  of 
heat  will  raise  its  temperature  two  degrees ;  here,  tfaea, 
we  have  a  unit  for  measuring  the  amounts  of  heat." 

1288.  The  absolute  quantity  of  heat  which  a  body  gains 
or  loses  cannot  be  measured ;  but  we  can  ascertain  how 
much  one  body  gains  or  loses  compared  with  another, 
either  by  the  process  of  mixing  described  in  the  examples 
we  have  given,  or  by  other  methods  which  we  shall  presently 
describe ;  we  ascertain  by  these  methods  the  relative 
quantities  of  heat  which  eyitl  bulks  or  weights  of  different 
substauces  require,  to  raise  them  to  a  given  temperature. 
Thus  we  have  already  noticed,  that  if  one  pouna  of  mcr- 
cuiy  at  40"  is  mixed  with  one  pound  of  water  at  156^  iJie 
nixed  mass  will  have  a  temperature  of  152*3*.  Conse- 
quently, the  same  weight  of  water  rec^uires,  according  to 
tnese  numbers,  rather  more  than  thirty  times  as  mudi 
heat  as  mercury  requires  to  produce  the  same  elevation  of 
temperature ;  as  mercury  requires  a  less  amount  of  heat 
than  water  to  raise  it  a  given  number  of  degrees,  it  is  said 
to  have  a  less  capacity  for  heat  than  water.  The  capacities 
for  heat  of  all  solid  and  Uquid  bodies  are  expressed  in 
numbers  in  relation  to  that  of  water;  these  numbers  an 
termed  the  specific  heats  of  bodies. 

1289.  The  unit  chosen  for  companson,  and  called  the 
unit  of  heat,  or  the  thermal  unit,  is  not  everywhere  the 
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game.  In  France  it  is  the  qaantity  of  heat  necessary  to 
raise  the  temperature  of  one  kilogramme  of  water,  or  one 
gramme,  from  (ftoVC,  The  English  xmit  of  heat  is  the 
quantity  of  heat  required  to  raise  one  pound  of  water  one 
Fahrenheit  degree  between  6S'*  and  60^.  Others  adopt  as 
the  thermal  unit  the  quantity  of  heat  necessary  to  raise 
one  pound  of  water  from  0°  to  V  C.  When  water  is  taken 
as  the  standard  for  the  comparison  of  specific  heats,  we 
mean  by  the  term  the  specific  heat  or  calorific  capacity  of 
a  body,  the  quantity  of  neat  which  is  required  to  raise  the 
body  through  a  given  range  of  temperature,  from  0°  to  1**  C, 
for  example,  compared  with  the  quantity  of  heat  which  the 
same  weight  of  water  would  require,  to  be  raised  through 
the  same  range  of  temperature.  Thus,  if  we  take  &ve 
vessels,  containing  respectively  one  pound  of  water,  one 
pound  of  sulphur,  one  pound  of  iron,  one  pound  of  silver, 
one  pound  of  mercury,  and  expose  them  all  to  such  a 
source  of  heat  that  equal  amounts  must  enter  each  vessel 
during  the  same  time,  ~  if,  now,  we  observe  the  thermo- 
meters which  have  been  placed  in  these  vessels,  we  shdl 
find,  when  the  temperature  of  the  water  has  risen  one 
degree,  and  consequently,  when  one  unit  of  heat  has  entered 
each  vessel,  that  the  temperatures  of  the  other  substances 
have  increased  by  the  number  of  degrees  given  in  the 
second  column  of  the  following  table.  By  the  principle  just 
efltablished,  it  follows  that,  if  one  unit  of  heat  will  raise 
the  temperature  of  one  pound  of  mercuij  30°,  it  will  only 
re<}uire  one-thirtieth  as  much,  or  0'033  of  a  unit  of  heat,  t^ 
raise  the  temperature  of  the  same  weight  one  degree.  In 
like  manner,  the  fractional  parts  of  a  imit  of  heat  required 
to  raise  the  temperatures  oi  one  pound  of  each  of  the  other 
substances  one  degree  can  be  easily  calculated,  and  are 
given  in  the  third  column  of  the  table ;  these  fractional 
parts  are  termed  the  specific  heata  of  Ihe  substances : — 

Unit  of  heat 


(Specific  heat). 

Water       - 

10° 

1-000 

Sulphur    - 

4-9 

0-203 

Iron 

8-8. 

-        0114 

Silver 

17-6 

0-067 

Mercury  - 

300 

0033 

^hen,  at  the  same 

temperature 

;,  contains  4*9  times 

as  much  heat  as  the  same  weight  of  sulphur,  8'8  times  as 
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mucli  as  tlie  same  weight  of  iron,  17*5  times  as  mueli  ii 
the  same  weight  of  silVer,  and  30  times  as  mndi  as  ^ 
same  weight  of  mercury ;  and,  in  like  manner,  we  BhonU 
find  that  at  the  same  temperature,  and  for  ecioal  weigbtoi 
water  contains  more  heat  than  any  solid  or  liquid  knowi. 
Hence  the  Epecific  heat  of  solid  or  liquid  snbstanceB  s 
always  expressed  by  fractions. 

1290.  '*  Three  methods  have  been  employed  for  detv- 
mining  the  specific  heat  of  solids  and  liquids, — the  method 
of  the  melting  of  ice,  the  method  of  mixtures,  and  thst  of 
cooling.  In  the  latter,  the  specific  heat  of  a  body  ii 
determined  by  the  time  it  takes  to  cool,  through  a  certain 
temperature.  Before  describing  these  methods,  it  ifl  im- 
portant to  explain  how  we  measure  the  quantity  of  heA 
absorbed  by  a  body  of  which  the  mass  and  the  specifie 
heat  are  given,  when  the  temperature  is  elevated  a  certain 
number  of  degrees. 

1291.  Measure  of  the  sensible  heai  ahscrhed  by  a  hod^^— 
"  Let  m  be  the  weight  of  a  body  in  pounds,  c  its  specific 
heat,  and  t  its  temperature.  The  ouantitv  of  heat  neoei- 
sary  to  raise  one  pound  of  water  from  0°  to  1*  C.  being 
taken  as  unity,  it  will  require  m  of  these  units  to  nuse  • 
pounds  of  water  from  0**  to  1^  C. ;  and  to  raise  this  last 
weight  {m  pounds)  from  zero  to  t  degrees,  it  will  re^oire 
t  times  as  much,  that  is  to  say,  m  t.  Now,  since  this  is 
the  quantity  of  heat  necessary  for  raising  from  zero  to^ 
de^ees  m  pounds  of  water,  whose  specific  heat  is  1,  it  u 
aindent  that,  for  a  body  of  the  same  weight,  whose  specifie 
heat  is  c,  it  will  require  c  times  mt^  ot  mt  c;  codm- 
quently,  when  a  body  is  heated  through  f  degrees,  the 
quantity  of  heat  which  it  absorbs  is  the  product  (f^ 
weight  into  its  temperature  into  its  specific  heat.  This 
principle  is  the  basis  of  all  the  formuls  for  calculstbg 
specific  heats. 

1292.  "  If  a  body  is  heated  or  cooled  from  t  to  f 
degrees,  the  heat  aosorbed  or  disengaged  will  be  repiv* 
sented  by  the  formula — 

m{tf  —  t)c,  orm  {t  —  f)e. 

1293.  "A  thorough  comprehension  of  these  formnlA 
will  prevent  any  difficulty  m  the  solution  of  problentf  on 
specific  heat." — (Ganot,) 

1294.  Method  of  thejtision  qf  «».— Black  employed  a 
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block  of  ice  in  wHoh  a  cavity  was  formed,  and  wbicli  was 
provided  with  a  coyer  of  ice,  as  a  calorimeter.  The  sub- 
stance whose  specific  heat  had  to  be  determined  was 
heated  to  a  certain  temperature,  and  then  placed  in  the 
oayitv,  and  covered  with  the  ice  cover.  When  the  body- 
had  become  cooled  to  zero,  the  cavit]^  was  opened,  and 
both  the  substance  and  the  cavity  wiped  perfectly  dry 
with  a  cloth  which  had  been  nreviously  weighed.  The 
cloth  was  subsequently  weighea ;  the  increase  in  weight 
gave,  of  course,  the  quantity  of  ice  which  had  been  con- 
verted into  water ;  and  from  the  weight,  of  ice  melted 
was  calculated  the  specific  heat  of  the  body.  Lavoiser 
and  Laplace  substituted  a  more  complicated  apparatus 
for  the  block  of  ice  employed  by  Black,  on  account  of  the 
difficulty  of  obtaining  ice  in  sufficiently  large  blocks. 
This  apparatus  is  termed  the  ice  calorimeter ;  but  as  the 
results  which  are  obtained  by  it  are  inaccurate,  on  account 
of  the  difficulties  which  attend  its  use,  we  shall  not 
describe  it  further. 

1295.  Method  of  mixtures, — ^The  specific  heat  of  a  body 
is  determined  by  this  method  in  tne  following  way: — 
The  body  is  weighed,  and  then  raised  to  a  known  tem- 
perature, by  keeping  it,  for  instance,  in  a  current  of 
steam  for  some  time ;  it  is  then  immersed  in  cold  water, 
the  weight  and  temperature  of  which  are  known.  The 
amount  of  heat  communicated  to  the  water  will  be  pro- 
portional to  the  specific  heat  of  the  substance  examined, 
and  gives  us  the  data  for  calculating  it. 

1296.  "  Let  M  be  the  weight  of  the  body,  T  ito  tem- 
perature, and  c  its  specific  heat ;  and  let  m  be  the  weight 
of  the  cold  water,  and  t  its  temperature. 

1297.  ''As  soon  as  the  heated  body  is  plunged  into  the 
water,  the  temperature  of  the  latter  rises  untilboth  are  at 
the  same  temperature.  Let  this  temperature  be  9.  The 
heated  body  has  been  cooled  by  T — 6j  it  has,  therefore, 
lost  a  quantity  of  heat,  M{T — 0)c,  The  cooling  water 
has,  on  the  contrary,  absorbed  a  quantity  of  heat  equal 
to  m  {9 — t) ;  for  the  specific  heat  or  water  is  unity.  Now 
the  quantity  of  heat  given  up  by  the  body  is  manifestly 
equal  to  the  quantity  of  heat  absorbed  by  the  water; 
that  is,  Jf  (r—  0)  c  =  i»  (d — <),  from  which— 

mJ9--Jl 

M(T—9) 
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1298.  "  An  example  will  illuAtrate  the  application  of  tUi 
formula : — A  piece  of  iron  weighing  60  ouDces,  and  &t  t 
temperature  of  100°  C,  is  immersed  in  180  ounceBof 
water,  whose  temperature  is  19**  C:  ader  the  tempe- 
ratures have  become  uniform,  that  of  the  cooling  wata 
if  found  to  be  22''C.  What  ia  the  specifio  lieat  of  tbe 
ironP 

1299.  "  Here  the  weight  of  the  heated  body,  M,  is  60; 
the  temperature,  T^  is  100° ;  c  is  to  be  determined;  the 
temperature  of  mixture,  0;  is  22* ;  the  weight  of  tha 
coohng  water  is  180,  and  its  temperature  19° ;  therefore— 

^^180(  22-19)^ jl^^^^gg.. 
60(100—22)      78 
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192.  Taking  the  specific  heat  of  iron  as  0115,  hov 
much  sensible  heat  would  be  absorbed  by  10  lbs.  of  iron 
raised  from  0°  to  20°  C.P 

193.  How  much  heat  would  be  diseDgaged  if  15  lbs.  of 
copper  were  cooled  down  from  100°  to  5  C,  its  specific 
heat  being  0096 P 

194.  If  3  lbs.  of  mercury,  at  30°  C,  are  mixed  with  3  Iba. 
of  water,  at  10°  C,  and  the  temperature  of  the  mixture  ii 
foxmd  to  be  10'639°C.,  what  is  the  specific  heat  of  ths 
mercury  P 

195.  If  0-685  lb.  of  sulphur,  at  60°  C,  is  immersed 
in  4*573  lbs.  of  water,  at  12°  C,  and  the  temperature  of 
the  mixture  is  13*42°,  what  ia  the  specific  neat  of  ih» 
sulphur  P 

1300.  It  is  obvious  that  the  vessel  which  holds  ili0 
cooling  water  must  change  its  temperature  with  that  of 
the  water,  so  that  the  heat  lost  by  the  substance  which  is 
cooled  not  only  raises  the  temperature  of  the  water,  2»| 
also  the  temperature  of  the  material  of  which  the  veiiei 
is  composed,  to  the  same  degree.  In  accurate  ezpen* 
ments,  the  amount  of  heat  required  for  this  purpose  mwi 
be  estimated  and  allowed  for.  The  amount  is  easiitf 
estimated,  if  we  know  the  weight  of  the  vessel,  and  the 
specific  heat  of  the  substance  of  which  it  is  made.  Tja 
vessel  is  usually  a  small  cylinder  of  silver  or  brass,  with 
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tbin,  poliBhed  sides,  so  that  these  data  can  be  readily 
obtained.  "  If  the  weight  of  the  vessel  be  m\  and  its 
specific  heat  d^  its  temperature,  like  that  of  the  water, 
is  t ;  consequently  the  previous  equation  becomes — 

I£c  (T— 0)  =  «  (0  — 0  +  »'c'  (0—  t) 
from  which,  by  obvious  transformations,— 
^_(m-f  iiiV)(e-<) 
Jlf(T— 0) 

Generally  speaking,  the  value,  m'  ff,  is  put  =  /t ;  that  is 
to  say,  fi  is  the  weight  of  water  which  would  absorb  the 
same  quantity  of  heat  as  the  vessel.  This  is  said  to  be 
the  reduced  value  in  water  of  the  vessel.  The  expression 
accordingly  becomes — 

^-,(^  +  /i)(e--<)»> 
M(T—e)     ' 

1901.  In  accurate  ezperim'ents,  it  is  necessary  also  to 
allow  for  the  heat  absorbed  by  the  fflass  and  mercury  of 
the  thermometer ;  and  if,  as  is  usuaQy  the  case,  the  sub- 
stance is  enclosed  in  a  glass  tube  in  a  small  basket  of 
wire- work,  it  is  also  necessary  to  pay  regard  to  the  weight 
and  specific  heat  of  these  envelopes  in  the  calculation. 
This  method  of  determining  the  specific  heat  of  solids  and 
liquids  admits  of  great  accuracy,  but  its  practical  appli- 
cation reouires  many  precautions,  owing  to  the  numerous 
sources  of  error. 

XZSBCISES. 

196.  A  piece  of  iron  weighing  20  grammes  at  the  tem- 

?erature  of  98^  C.  is  dropi>ed  into  a  glass  vessel  weighing 
2  grammes,  and  containing  150  grammes  of  water  at 
10°  C.  The  temperature  of  the  water  is  thus  raised 
10'29*'  C.  Bequired  the  specific  heat  of  the  iron,  knowing 
that  the  specific  heat  of  tiie  glass  is  019768. 

197.  Galoulate  the  specific  heat  of  oil  of  turpentine 
from  the  following  data:— 42*67  grammes  of  the  oil  at 
33-7  were  mixed  with  470'3  grammes  of  water  at  12*23°. 
The  temperature  of  the  mixture  was  found  to  be  15*67^ ; 

•  Ganot'B  "  Physios."    Edited  by  Dr.  Atkiiuon. 
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the  water  was  contained  in  a  copper  vessel  weighing  46*25 
grammes,  and  haying  a  specific  neat  equal  to  0*036. 

1302.  Eegnault  adopted  this  method  in  his  very  extended 
inyeBtigations  on  the  specific  heat  of  bodies.  We  shall  give 
his  own  description  of  the  last  form  of  apparatus  (Fig.  27) 
he  employed.  In  the  Memoir*  in  which  he  describes  the 
apparatus,  he  states  that  he  brings  together  the  experi- 
ments he  has  made  during  several  years  for  determioing 
the  specific  heat  of  some  simple  bodies  which  he  had 
never  before  succeeded  in  obtaining  in  sufficient  quantity, 
and  of  a  sufficient  degree  of  purity.  The  methoas  which 
he  employed  for  this  new  series  of  experiments  difier 
little  from  those  which  he  employed  in  his  former  experi- 
ments. He  replaced  the  charcoal  stove,  which  he  em- 
ployed in  his  former  researches,  by  a  gas  lamp.  This  he 
x>und  to  be  a  great  advantage. 

1303.  The  substance  submitted  to  examination  is  placed, 
generally,  in  a  small  basket  of  brass  wire,  M,  provided  in 
the  interior  with  a  cylinder  of  brass,  in  whicn  is  placed 
the  bulb  of  the  thermometer,  T,  which  gives  the  tem- 
perature of  the  basket  and  its  contents.  The  basket  is 
suspended  by  a  silk  thread,  which  traverses  the  hollow 
metallic  stopper,  E.  The  thermometer,  T,  is  maintained 
by  this  same  stopper  in  such  a  manner  that  the  division 
corresponding  to  100°  does  not  differ  from  the  heat  of  the 
stove  by  a  centimetre. 

1304.  The  heated  stove  or  steam  bath  is  formed  of  three 
concentric  cylinders  of  tin  plate.  The  interior  cylinder 
A,  in  which  is  placed  the  oasket  and  thermometer,  is 
hermetically  sealed  at  the  top  and  the  bottom  to  the 
exterior  envelope.  Its  superior  orifice  is  formed  by  the 
hollow  stopper  E;  its  inferior  orifice  is  closed  by  a 
moveables  damper  m,  by  which  we  heat  the  basket  with  the 
substance  which  it  contains.  Between  the  outer  cylinder 
and  the  cylinder  A  is  placed  an  intermediate  one,  which  is 
fixed  to  the  superior  cover,  and  descends  to  the  bottom  of 
the  conical  part  of  the  outer  cylinder.  The  stove  is  main- 
tained by  a  wooden  support,  DDPP,  which  serves  besides 
as  a  screen  for  preventing  the  heat  radiating  upon  the 


*  "  Bur  1ft  Cbalrar  Spfteiflqne  d«  quelqaes  Corps  Simples."    Far  M.  Y . 
BegOMlt.— ^MKiZ  d4  Chimie  et  de  J^hjftiqut,  1861. 
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calorimeter  H,  where  it  occupies  the  place  indicated  in  l3ie 
figure,  at  the  moment  when  we  wish  to  immene  tiie 
heated  hasket. 

1305.  The  boiler  V  communicateB  with  the  store  b/  tlu 
tube  a  b,  which  traverses  the  intermediate  envelope,  and 
brin^  in  the  vapour  by  the  annular  space  B  B,  round  the 
interior  cylinder  A.  This  vapour  escapes  by  the  openini^ 
00,  opening  upon  the  opposite  side  to  that  by  which  the  tube 
a  b  enters :  the  vapour  re-descends  through  the  exterior 
annular  space  C  C ;  the  condensed  water  returns  to  the 
boiler  V ,  ov  the  lower  tube  e  d.  The  vapour  which  has 
preserved  the  gaseous  state  escapes  from  the  stove  by  the 
pipe  ef,  and  is  conveyed  into  the  larger  pipe  Gr,  terminatiiMr 
m  the  top  bv  a  narrower  pipe,  which  is  surrounded  hjcM 
water,  wnicn  is  being  continually  renewed.  The  vapour  is 
completely  condensed  by  this  refrigerator,  and  returns  to 
the  Doiler  by  the  tube  k  p ;  moreover,  it  returns  with  a 
temperature  very  near  100*^  C,  because  in  the  space  G  it 
traverses  thevapour  which  constantly  arrives  from  the  stove. 

1306.  The  boiling  of  the  water  in  the  boiler  Y  ia  pro- 
duced b^  the  gas  lamp  W ;  it  continues  to  bum  as  long 
as  is  desired  without  rec^uiring  any  attention ;  the  same 
quantity  of  water  serves  mdefinitely,  as  it  retums  without 
loss  to  the  boiler. 

1307.  This  new  arrangement  of  the  apparatus  renders 
the  operation  extremely  simple,  and  permits  tiie  experi- 
menter to  be  occupied  with  other  work. 

1308.  If  we  replace  the  water  in  the  boiler  Y  by  other 
volatile  liquids,  we  can  obtain  in  the  stove  stationary  tem- 
peratures very  different  from  100*  C.  Thus,  if  we  employ, 
in  the  place  of  the  water,  sulphide  of  carbon,  the  tempe- 
rature will  be  46*  0. ;  if  we  employ  chloroform,  the  tem- 
perature will  be  60° ;  with  alcohol  the  temperature  will  be 
78*  C. ;  with  turpentine  the  temperature  will  be  IST'C; 
&o.  It  is  very  easy  to  obtain  in  the  stove  a  stationarf 
temperature  perfectly  fixed ;  it  suffices  to  nlaoe  in  the 
boiler  Y  a  liquid,  the  boiling  point  of  which,  under  the 
ordinary  pressure  of  the  atmosphere,  is  little  different  from 
that  wmcn  we  wish  to  obtain  in  the  stove ;  and  then  make 
this  liquid  boil  under  a  greater  or  less  pressure  than  the 
atmosphere,  so  that  the  thermometer  of  the  stove  is 
rifjorously  fixed  at  the  temperature  we  wish  to  obtain.  In 
this  case  we  make  the  tube  A»oommunioate»  by  an  in- 
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termediate  tube  of  lead,  with  a  repervoir  of  air,  the  pres- 
Bure  of  which  can  be  changed  at  will  by  an  exhausting  or 
forcing  pnmp. 

1309.  When  we  wish  to  determine  the  specific  heat  of  a 
liquid,  or  of  a  body  which  liquefies  at  a  temperature  little 
higher  than  that  of  the  surrounding  air,  we  are  obliged  to 
haye  recourse  to  the 
inyerse  method,  which 
consists  in  cooling  the 
body  in  a  freezing  mix- 
ture, and  determining 
the  depression  of  tem- 

Seratnre  which  is  pro- 
uced  by  its  immersion 
in  the  calorimeter.  Beg- 
nault  has  replaced  the 
instrument  which  he 
employed  in  his  earlier 
experiments  by  another 
which  is  more  easily 
managed,  and  which 
permits  of  the  better 
regulation  of  the  tem- 
perature. The  cold  is 
produced  by  the  yapo- 
rization  of  a  yery  yola- 
tile  liquid  in  a  continu- 
ous current  of  air,  and 
which  can  be  regulated 
at  pleasure.  Fig.  28 
represents  a  yertical 
section  of  the  appara- 
tus. A  central  tube  A, 
similar  to  that  in  Fig. 
27,  and  proyided  at  its 
two  extremities  with 
the  same  connections, 
receiyes  the  basket  M, 
containing  the  sub- 
stance whose  specific 
heat  has  to  be  determined.  It  is  enclosed  in  another 
tube,  B,  haying  the  form  shown  in  the  figure,  and  which  is 
hennetieally  sealed  to  tube  A  at  the  top  and  bottom.    A 
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third  tube,  C,  encloses  the  other  two ;  it  preserres  the  tabe 
from  contact  with  the  BurroundiDg  air,  and  thus  prerenti 
the  dew  from  being  deposited  upon  it. 

1310.  On  the  top  of  the  tube  B  are  two  tabnlures :  to 
one  is  soldered  the  three-branched  tube  bade;  ^ 
second  is  traversed  b^  a  bent  tube,  efg,  provided  with  a 
stop-cock,  r,  and  which  descends  to  the  bottom  of  ihe 
tube  B.  Lastly,  the  whole  of  the  apparatus  is  placed  upon 
a  support  provided  with  a  screen,  similar  to  that  emploved 
for  Fig.  27. 

1311.  The  volatile  liquid,  ether  or  sulphide  of  carbon, 
is  poured  into  the  tube  B,  by  the  onfice  <f,  which  ii 
afterwards  closed.  In  order  that  the  level  of  the  liquid  be 
not  lowered  below  h  i,  by  reason  of  its  evaporation  durinf^ 
a  prolonged  experiment,  the  tube  B  is  enlarged  towards 
the  top. 

131z.  A  current  of  air  is  forced  in  by  the  tube  «/y, 
either  by  the  aid  of  an  aspirator  adapted  to  the  tubulurer, 
or  by  a  forcing-pump  which  is  attached  to  the  tube  efg* 
Larffe  reservoirs,  into  which  air  was  forced  by  means 
of  uie  pump  until  it  had  a  pressure  of  several  atmo- 
spheres, were  employed  by  Begnault ;  one  of  these  re- 
servoirs, charged  with  compressed  air,  was  connected 
with  the  tube  efg.  In  opening  more  or  less  the  stop- 
cock r,  a  current  of  air,  more  or  less  rapid,  traverses  the 
ether  in  the  tube  B,  and  escapes  saturated  with  vapour 
by  the  tubulure  a  c.  The  temperature  is  rapidly  lowered 
by  reason  of  the  evaporation.  When  the  ether  approaches 
the  lowest  temperature  which  is  desired — and  this  is  made 
known  by  the  thermometer  which  is  plunged  in  the  ether 
— the  opening  of  the  stop-cock  is  con^act^  so  as  to  arrest 
the  cooling,  and  after  a  little  practice  the  operator  is  able 
to  render  the  temperature  stationary  for  as  long  a  time  as 
he  desires.  The  thermometer  T,  the  bulb  of  which  is 
plunged  into  the  basket  M,  is  necessarily  slower  than 
that  m  the  ether,  but  the  two  thermometers  indicate  the 
same  temperature  after  the  current  of  air  has  been  re- 
gulated. The  basket  M  is  not  lowered  into  the  calon- 
meter  until  the  equilibrium  is  nearly  established. 

1313.  We  cannot  obtain  with  this  apparatus  as  low  a 
temperature  as  we  can  with  ice  and  crystallized  chloride 
of  calcium.  Thus,  when  the  external  temperature  is 
-i-  20*"  C,  it  is  di£Bcult  to  maintain  the  ether  at  a  stationary 
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temperature  below  —  12*  C.  With  sulpliide  of  carbon, 
under  the  same  circumstaDces,  the  temperature  descends 
only  to  —  8*  C.  But  the  facility  of  maintaining  these 
low  temperatures  stationary  for  a  long  time  renders  these 
results  more  accurate. 

1314.  Another  arrangement  permits  the  gradual  lower- 
ing of  the  temperature  of  a  hquid,  and  of  rendering  it 
stationary  at  the  degree  which  we  wish.    Eegnault  nas 
frequently  employed  it  for  determining  the  temperature 
at  which  a  liquid  solidified,  when  the  solidification  ranged 
between  — - 16*  C.  and  +  10*  C.    The  interior 
tube.  A,  is  then  closed  at  the  bottom.    In 
it    is    placed  the    liquid,  and   a   thermo- 
meter, which  gires  the  temperature,  and 
also  serves  as  a  stirrer.      By  the   aid  of 
a  current  of  air,  we  depress  continuously, 
and  also  as  slowly  as  we  wish,  the  tempe- 
rature of  the  ether ;  the  thermometer  plunged 
in  the  liquid  equally  lowers  up  to  the  mo- 
ment solidification  commences;  its  tempe- 
rature then  becomes  stationary.    To  find  the 
melting-point,  we  diminish  the  current  of  air, 
or  arrest  it  completely :  the  temperature  of 
the  ether  then  rises.    We  agitate  continu- 
ally the  liquid  with  the  thermometer,  and    e 
we  observe  if,  at  the  moment  it  begins  to 
ascend,  the  solidified  substance  has  entirely  returned  to 
the  liquid  state. 

1316.  Lastly,  if  it  be  desired,  for  special  experiments, 
to  obtain  a  temperature  below  —  40**  C.,  liquia  ammonia 
is  employed  in  the  place  of  ether.  The  current  of  air 
traverses  the  liquid  ammonia  with  a  sufficient  swiftness  to 
lower  the  temperature  even  to  —  80*  C.  In  regulating  the 
current,  we  can  render  the  temperature  stationary  at  any 
degree  between  —  40*  and  —  80*.  The  great  latent  heat 
of  vaporized  ammonia  renders  this  regulation  very  easy. 

1316.  The  specific  heat  of  a  body  is  not  a  constant 
quantity,  it  increases  with  the  temperature ;  a  greater 
amount  of  heat  is  therefore  required  to  raise  a  body  one 
d egree  at  a  high,  than  at  a  low  temperature.  Examples : — 
The  specific  heat  of  water  at  180*0.  is  1*0364;  the  mean 
specific  heat  of  silver,  between  0*  and  100*,  is  0*0667 ; 
while  between  0*  and  200*  it  is  00611.    The  student  will 
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now  understand  the  reason  why,  in  the  definition  of  tb 
unit  of  heat,  a  particular  temperature,  and  not  1*  at  taj 
temperature,  was  named. 

1317.  The  specific  heat  of  a  body  is  greater  in  tlie 
liquid  thaa  in  the  solid  state:  thus  the  specific  heat  of 
water  is  1,  that  of  ice  is  0*504;  liquid  bromine,  O'UL 
solid  bromine,  0081 ;  melted  tin,  -0637,  solid  tin,  -0563i 
Snowing  these  facts,  we  might  infer  what  is  really  the 
case, — ^that  the  increase  of  specific  heat  with  the  tempe- 
rature is  greatest  as  solid  bodies  approach  the  meltua 
point ;  and  that  the  specific  heat  of  solids  diminishes  wiu 
the  increase  in  their  density,  or  molecular  aggregation. 
Examples : — Solid  copper,  wnen  annealed,  has  a  s])ecifie 
heat  equal  to  '09501 ;  but  by  hammering  its  densi^  » 
increased,  and  consequently  its  specific  heat  is  dimi- 
nished. The  specific  heat  of  copper  which  has  been 
hammered  is  '0936.  The  density  of  tin  and  lead  is  not 
increased  by  mechanical  pressure;  their  specific  heats 
are  not,  therefore,  diminished  by  pressure.  The  specific 
heat  of  a  substance  is  not  the  same  in  its  difierent  allo- 
tropic  modifications;  in  these  cases,  also,  the  specific 
heat  diminishes  as  the  density  of  the  substance  increases. 
Example : — 


Spedflo  grsTity. 

Bpedllclietl 

Wood  charcoal 

-    0-300    - 

.    0-2415 

Graphite 

-    2-300    - 

-    0-2027 

Diamond 

.    3-600    - 

-    01469 

1318.  The  specific  heat  of  liquids,  with  the  exception 
of  water,  increases  with  the  temperature  much  moiv 
rapidly  than  that  of  solids. 

1319.  Mercury,  on  account  of  its  small  specific  heat,  ii 
rapidly  heated  and  cooled.  This  property,  as  well  as 
some  of  its  other  properties,  renders  it  well  adapted  for 
a  thermometric  agent.  Water,  on  the  other  hand,  from 
its  great  specific  heat,  requires  a  long  time  in  beinff 
heated  or  cooled.  For  the  same  weight  and  temperature, 
it  absorbs  or  gives  out  far  more  heat  than  any  other 
known  liquid  or  solid,  and  is  only  exceeded  by  that 
of  hydrogen.  The  ocean  becomes,  from  this  property 
of  water,  the  great  storehouse  of  heat ;  and  we  can  at 
once  see  the  important  part  water  plays  as  the  great 
regulator  of  climates,  on  account  of  this  property.    Com- 
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paring  eqnal  weights,  the  specific  heat  of  water  being  1, 
that  of  atmospheric  air  is  0*26 ;  hence  1  lb.  of  water,  in 
losing  1*  of  heat,  would  raise  the  temperature  of  1  lb.  of 
air  4**,  or  41bs.  of  air  P ;  but,  owing  to  its  much  less  density, 
lib.  of  air  fills  about  770  times  the  space  of  lib.  of  water ; 
consequently,  4 lbs.  of  air  fill  3,080  times  the  space; 
therefore,  water,  by  parting  with  1®  of  heat  to  the  air, 
increases  with  that  heat  the  temperature  of  3,080  times  its 
own  bulk  of  air  1".  A  large  quantity  of  heat  becomes 
stored  up  in  the  ocean  in  summer,  which  is  slowly  restored 
to  the  air  in  winter.  "  Hence  one  cause  of  the  absence 
of  extremes  in  an  island  climate.  In  various  parts  of  the 
Continent  fruits  grow  which  our  summers  cannot  ripen ; 
but  in  these  same  parts  our  eyergreens  are  unknown ; 
for  they  cannot  live  through  the  winters.  The  winter  of 
Iceland  is,  as  a  general  rule,  milder  than  that  of  Lom- 
bardy." 

1320.  Specific  heat  of  gcues. — The  specific  heat  of  gases 
is  referred  either  to  that  of  water  or  air.  The  specific 
heat  of  a  gas  does  not  vary  with  the  temperature,  and 
!Begnault  has  found  that  it  does  not  vary  with  the  pres- 
sure, and  hence  is  the  same  for  all  densities. 

1321.  "  From  the  calculations  of  Laplace  and  Poisson, 
and  the  experiments  of  Clement  and  Desormes,  of  De  la 
!Eoche  and  Berard,  and  of  Gay  Lussac  and  Dulong,  it  has 
hitherto  been  assumed  that  the  specific  heat  of  a  gas 
under  a  constant  pressure  is  always  greater  than  the 
specific  heat  under  a  constant  volume ;  out  M.  Ilegnault 
has  lately  found,  by  an  entirely  new  method,  that  the 
difierence  between  the  two  kinds  of  specific  heat  is  either 
null  or  extremely  small." 

1322.  Further  on  we  give  the  sx)ecific  heats  of  most  of 
the  elementary  bodies:  in  the  following  table  we  give 
Begnault's  determinations  of  the  specific  heats  of  a  con- 
siderable number  of  gases  and  vapours.  In  the  column 
headed  "  By  weight,"  is  meant  the  number  of  heat 
units  required  to  raise  the  temperature  of  equal  weights 
{water  =  l)  from  0^  to  PC,  assuming  that  the  gas 
18  allowed  to  expand  freely,  and  that  the  pressure  is 
constant. 
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Specific  heat  qf  gases  and  vapours. 


Name  of  gas  or  Tsponr. 


Specific  heat. 


Bj  weight.   ByTolome. 


Simple 

gases. 

Air     - 

-     0-2377 

0-2377 

Oxygen 

0-2182 

0-2412 

Nitrogen     - 

0-2440 

0-2370 

Hydrogen   - 

3-4046 

0-2356 

Chlorine 

0-1214 

0-2962 

Bromine      - 

0-0562 

0-2992 

Compound  gases. 


Protoxide  of  nitrogen  - 
Deutoxide  of  nitrogen 
Carbonic  oxide    - 
Carbonic  acid 
Sulphide  of  carbon 
Sulphurous  acid  - 
Hydrochloric  acid 
Sulphide  of  hydrogen  - 
Ammonia  (gas)    - 
Marsh  gas  - 
Olefiant  gas 


0-2238 

0-3413 

0-2315 

0-2406 

0-2479 

0-2399 

0-2164 

0-3308 

0-1675 

0-4146 

01553 

0-3439 

0-1845 

0-2302 

0-2423 

0-2886 

0-5080 

0-2994 

0-5929 

0-3277 

0-3694 

0-3672 

Vapours. 


Water 
Alcohol 
Ether  - 

Cyanide  of  ethyl 
Chloride  of  ethyl 
Bromide  of  ethyl 
Sulphide  of  ethyl . 
Acetic  Ether 
Chloroform  - 
Dutch  liquid 
Acetone 
Benzole 


0-4750 

0-2950 

0-4513 

0-7171 

0-4810 

1-2296 

0-4255 

0-8293 

0-2737 

0-6117 

0-1816 

0-6777 

0-4005 

1-2568 

0-4008 

1-2184 

0^568 

0-8310 

0-2293 

0-7911 

0-4126 

0-8341 

03745 

1-0114 
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Kame  of  gM  or  Tspoor. 


Speoiflo  heat. 


Bj  weight. 


By  Tolnme, 


Specific 
gravitj. 


Vapours— continued. 


Oil  of  turpentine 
Terchloriae  of  phosj>hora8 
Terchloride  of  arsenic 
Chloride  of  silicon 
Bichloride  of  tin  - 
Bichloride  of  titanium 


0-5061 

2-3776 

01346 

0-6386 

01122 

0-7013 

01329 

0-7788 

00939 

0-8639 

01263 

0-8634 

4-6978 
4-7446 
6-2510 
5-8600 
9-2000 
6-8360 


1323.  Jitomic  heat  of  bodies, — If,  in  place  of  determining 
how  mnch  heat  is  required  to  raise  equal  weights  of  the 
elements,  we  determine  how  much  is  required  to  raise  the 
atomic  weights  of  these  bodies  through  an  equal  number  of 
degrees,  we  find  that  all  the  elementary  bodies  yield  one  of 
two  numbers :  these  numbers  are  in  the  proportion  of  1  to  2. 
The  elementfffy  bodies  may,  therefore,  be  divided,  with 
respect  to  their  atomic  specific  heat,  into  two  classes,  one 
class  haying  just  double  the  capacity  for  heat  that  the  other 
class  possesses.  But  if  we  employ  the  new  instead  of  the 
old  atomic  weights  (H  =  1,  O  =  16 ;  or  H  =  05,  O  =  8), 
the  specific  atomic  heat  is  the  same  for  all  elements  ;  in 
other  words,  the  same  quantity  of  heat  is  required  to  heat 
an  atom  of  all  simple  bodies  to  the  same  extent.  The  prO' 
duct  of  the  specific  heat  into  the  atomic  weight  is  the  atomic 
specific  heat ;  or,  as  Eegnault  terms  it,  the  atomic  heat  qf 
the  body. 

1324.  In  the  following  table  (I.)  the  four  gaseous  ele- 
mentary bodies,  and  bromine  in  its  gasified  state,  are 
contrasted  for  the  purpose  of  illustratmg  the  preceding 
statements. 

1.  In  column  A  the  specific  heat  of  equal  weights 
of  these  elementary  bodies  is  given,  an  equal  weight 
of  water  being  taken  as  unity. 

2.  In  column  B  the  atomic  specific  heats,  the  old  atomic 
weights  being  employed. 

3.  In  column  C  the  atomic  specific  heats,  the  atomic 
specific  heat  of  hydrogen  being  taken  as  1. 

4.  In  colunm  D  the  old  atomic  weights. 
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5.  In  column  E  the  atomic  specific  heats,  t]ie  nef 
atomic  weights  heing  employed. 

6.  In  column  F  the  atomic  specific  heats,  atofoie 
specific  heat  of  hydrogen  being  taken  as  unity. 

7.  In  column  G  the  new  atomic  weights. . 

1325.  It  will  be  seen  that  there  is  a  httle  deviation  firaa 
the  constant  numbers  in  the  case  of  chlorine  and  bromiDe; 
this  might  have  been  expected,  as  the  specific  heat  of  & 
body  varies  with  its  state,  and  chlorine  is  a  condennble 
gas,  the  only  one  of  the  four  gaseous  elementary  bodies, 
and  bromine  is  a  fluid  body  in  its  ordinary  state. 

1326.  Specific  heat  of  atoms,— 1£  we  compare  the  specific 
heat  of  the  elements,  not  in  equal  toeiffhts,  out  in  the  ntio 
of  their  atomic  weights,  we  find,  if  we  employ  the  oJd 
atomic  weishts,  they  are  resolved  into  two  classes ;  and 
comparing  the  members  of  each  class  amongst  themsekes, 
we  nnd  they  undergo,  under  these  conditions,  oji  eq^ 
change  of  temperature  for  an  equal  quantity  of  heat,  jBnt 
if  we  compare  the  members  of  the  two  classes  together, 
we  find  that  the  members  of  the  one  class  have  doAU  the 
capacity  of  heat  that  the  others  possess ;  but  if  we  emplof 
the  new  atomic  wei jjhU  (H  =  1,  O  =  16 ;  H  =  Oo.O = 8) 
this  difierence  vanishes,  and  all  the  elements  then  hare, 
when  taken  in  the  proportion  of  their  atomic  weights,  an 
equal  capacity  for  heat. 

Tablb  I. 


Hydro- 
gen - 
Nitrogen 
Chlorme 
Bromine 

^  (^") 
Oxygen 


A 

Specific 

heat. 

weights. 
Water 
=  1. 


3-4046 
0-2440 
01214 

00552 
0-2182 


'   B        1       C 

"^ 

Atomic  1  Atomic 

ipeciflc  '  spedflo 
heats.       heaU. 

1^ 

Old      i  Atomic 

i^ 

atomic      heat  of 

'^l 

weighU.  '  H  «  1. 

o 

1 

3-4046 ;      1 

1 

3-3160 

1 

14 

4-2097 

1 

36-5 

4-4160 

1 

80 

1-7456 

\ 

8 

E  i  P  ,  6 
Atomic  >  Atomie  j 
speciilo  speeiilo  i  g* 
beats.  heata  ,  |^ 
New  I  Atomic  I  «t 
atomic  heat  of  i  \t 
weighto.'  H»l.  '^ 


3-4046 
3-3160 
4-2097 

4-4166 
3-4912 


i  1 

114 
J  35-5 

[16 
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1327.  The  intimate  relation  which  exists  between  the 
specific  heat  of  elementary  bodies  and  their  atomic 
weights  was  first  pointed  out  by  Dolong  and  Petit,  and 
they  deduced  the  law  that  the^ecific  heat  of  an  elementary 
body  is  inversely  as  its  atomic  weight.  So  that  an  atom  of 
any  simple  substance,  whether  its  yolame  be  great  or 
small,  has  the  same  capacity  for  heat,  and  requires  the 
same  quantity  of  heat  to  raise  its  temperature  through  a 
given  number  of  degrees,  as  an  atom  of  any  other  ele- 
mentary substance.  The  subsequent  investigations  of 
Hegnamt  on  the  specific  heat  or  the  elements  did  not 
confirm  the  universality  of  this  law,  if  the  old  atomic 
weights  were  employed;  for  a  small  number  of  the  ele- 
ments were  found,  as  we  see  by  the  table,  to  have  an  atomic 
heat  double  that  of  the  other  elements.  The  elements 
comilbsing  this  class  are  hydrogen,  nitrogen,  chlorine,  bro- 
mine, iodme,  potassium,  sodium,  Uthium,  silver,  gold,  bis- 
mutb^  arsenic,  antimony,  and  phosphorus.  Eegnault  has 
proposed  to  halve  the  atomic  weights  of  the  elements ;  if 
this  were  done,  the  atomic  heat  of  all  the  elements  would 
then  be  the  same:  but  the  same  result  would  be  attained 
if,  instead  of  halving  the  atomic  weights  of  the  elements, 
to  which  there  are  objections  in  the  case  of  phosphorus, 
arsenic,  and  antimony,  we  were  to  double  tnose  of  the 
other  elements.  The  student's  attention  has  already  been 
directed  to  these  double  atomic  weights  in  the  former 
part  of  this  work,  and  it  has  there  been  shown  that  they 
accord  better  than  the  old  weights,  not  only  with  physical 
data,  but  also  with  the  chemical  properties  of  tiiese 
elements. 

1328.  We  win  now  contrast  the  atomic  heats  of  the 
solid  bodies ;  and  we  see  at  once,  from  Table  II.,  what 
might  have  been  expected,  that  the  constants  obtained 
for  the  atomic  specific  heats  of  solids  are  not  the  same 
as  those  for  the  gaseous  bodies.  We  see  that  the 
highest  number  for  the  atomic  heats  of  solids  is  rather 
over  6,  whilst  the  highest  number  for  the  gaseous  bodies 
is  a  little  over  3 ;  but  that  the  easeous  bodies  whose  atomic 
heats  are  a  little  over  3,  would  give,  if  they  could  be  con- 
verted into  the  solid  state,  the  atomic  heat  of  6,  and  vice 
versA,  is  seen  in  the  case  of  bromine ;  as  a  gas,  its  atomic 
heat  (col.  B)  would,  when  corrected  for  irregularity,  be  a 
little  more  than  3 ;  in  the  solid  state  its  atomic  heat  (col. 
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B,  Table  II.)  is  a  little  more  than  6.  Adopting  Umb  (M 
atomic  weights,  the  elemental^  solid  foodies,  like  ik 
gaseons  bodies,  may  be  divided,  with  respect  to  their  atoak 
specifio  heats,  iato  two  classes,  one  class  having  ps 
doable  the  capacity  for  heat  that  the  other  class  poncans: 
but  if  we  employ  the  new  atomic  weights^  the  speci& 
atomic  heat  is  the  same  for  all  the  elements. 

1329.  In  Table  II.  we  have  preserved  tlie  same  or^ 
as  in  Table  I. ;  it  is  unnecessary,  therefore,  to  repeat  tk 
index  to  the  table ;  but  instead  of  taking,  as  in  the  fomier 
case,  hydrogen  as  the  standard,  we  have  employed,  ia 
Table  ll.,  solid  bromine  as  the  standard. 

Table  II.* 


A 

l'« 

C 

D^ 

£ 

F 

G 

Specific 

1  Atomic 

Hi 

Atomic 

«c  5  u 

heats. 
E^ual 

weights. 

1  specific 
1   heats. 
!      Old 

\i 

specific 
heat«. 

New 

_c 

Water 

1  atomic 

%i\ 

i-a 

atomic 

Hi 

-i 

si. 

weiRhts. 

§■? 

iweighta 

i 

\     ^ 

Bromine 

1 
1 

1 

(solid)     - 

00843      6-744 

80- 

6-744 

1  80- 

Iodine    -     - 

005412  , 6  8732 

127- 

'  6-8732 

127- 

0, 

/  (9  ^^  Potassium  - 
/        Sodium 

0*956 

1  6-712 

39- 

1  6  712 

39- 

0-2934 

1  6-74S 

23- 

!  6-748 

23- 

Lithium  f   ■ 

0-9408 

;  6-5386 

6-95 

'  6-5386 

6-^ 

Silver     -    - 

0-05701 

i  6-1671 

108- 

1  61571 

108- 

Gold      .     . 

0-3244 

'6-3907 

196-6 

!  6-3907 

196-6 

Phosphorus 

01887 

1  5-8497 

81- 

15-8407 

SI- 

Arsenic -    - 

00814 

1  6-1050 

75- 

61050 

TS- 

Antimony   - 

005077 

r  60924 

120- 

60924 

120- 

Bismuth      - 

0-03244 

1  6-5689 

213- 

6-5689 

213- 

Sulphur 

0-20259 

i  3  2414 

16- 

6-4828 

32- 

Selenium     - 

00837 

1  3-3145 

39-6 

6-6960 

80- 

Tellurium   - 

004737 

1  3031 

64- 

6-0620 

128- 

Magnesium 

0-2499 

1 2-9988 

12- 

5-9976 

1 

24^ 

•  In  drawing  up  thia  table  I  have  oonsolted  M.  Becnanlf  a  last  Mraxn- 
"  On  the  Speciflc  Heat  of  some  of  the  Simple  Bodies"  {Annal  de  Ckimie  tt  de 
Phvnaue,  3rd  Series,  Tom.  Ixiii.,  1881}.  as  well  as  his  eariier  Memoin. 

f  The  speoiflo  heat  of  lithium,  it  will  be  obeerred,  is  almost  eqoal  to  t^ 
of  water.  ^ 
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A 

'  B 

C 

J> 

'e    '       * 

F 

G     ^ 

Specific 

Atomic 

P^ 

Atomic 

n 

heaU. 

specific 
beat«. 

<8  M 

Bpeoiflc 
heats. 

o 

weif^hts. 

O.d 

;  ."s 

New 

Z  .'s 

4 

Water 

atomic 

15  15 

atomic 

lii 

=  1. 

weight«. 

oS8 

i" 

weights. 

1* 

Zino  -    -    - 

00955 

31054 

32-5 

6-2108 

65- 

GadmiuQi    - 

005669 

31746 

56- 

6-3492 

112- 

Tin    -    -    . 

005623 

3-3176 

59- 

6-6352 

118- 

Lead      -    - 

00314 

3-2499 

103-5 

6-4998 

207- 

Cobalt    -    - 

01070 

3-1565 

29-5 

6-3130 

59- 

Nickel    -    - 

0-1086 

3-2037 

29-5 

6-4074 

59- 

Iron       -    - 

011379 

31861 

28- 

6-3722 

56- 

CJopper  -    - 
Mercury 
(solid)     - 

009515 

30162 

31-7 

60324 

63-4 

0-03192 

3192 

100- 

6-384 

200- 

Platinum    - 

003243 

31943 

98-5 

6-3886 

197- 

Palladium  • 

005927 

3-1413 

53- 

6-2826 

106- 

Iridium 

003259 

1  3-2101 

98-5 

6-4202 

197- 

Bhodinm    - 

005803 

30175 

52- 

60350 

104- 

Osmium     - 

003063 

30477 

99-5 

60954 

199- 

Tungsten    - 

003342 

,30746 

92- 

61492 

184- 

Molybdenum 

007220 

3-4658 

48- 

6-9312 

96- 

Manganese  • 

01217 

1  3-2859 

27- 

6-5718 

54- 

Aliiminatn 

0-2143 

1 2-9369 

13-7 

5-8718 

27-4 

1330.  The  .three  elements,  carbon,  silicon,  and  boron, 
appear  to  form  exceptions  to  the  law  of  Dulong  and  Petit; 
bnt  as  they  each  form  allotropic  modifications,  and  as  the 
specific  heat  of  carbon,  and  probably  that  of  the  other 
two,  varies  with  its  allotropic  modifications,  it  is  difficult 
to  decide  which  modification  is  to  be  regarded  as  the  state 
in  which  the  substance  enters  into  combination :  perhaps 
it  may  hereafter  be  found  that  each  modification  has  a 
different  atomic  weight  as  well  as  a  different  specific 
heat.  There  are  other  difficulties  attaching  to  the  deter- 
mination of  the  specific  heat  of  silicon  and  boron ;  there  is 
the  difficulty  of  obtaining  them  perfectly  pure :  and  in 
the  case  of  boron  there  is  another  difficul^,  which  the 
student  will  learn  on  consulting  Eegnault's  Memoir.    The 
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following  table  exhibits  the  specific  and  atomic  heabd 
these  three  elements :— > 


A 

B 

D 

B 

& 

Bquftl 

Atomic 

II 

▲tomie 

e 

weight!. 

Old  fttomio 

ti 

Water -1. 

weights. 

2  ► 

wagfatt. 

I* 

Diamond  -    -    - 

01468 

0-8808 

6 

1-7596 

Grraphite  -    -    - 

0-2018 

1-2108 

2-4216 

18 

Wood  charcoal  - 

0-2415 

1-4490 

2  8980] 

Silicon      -    •    - 

01774 

3-7786 

21-3 

4-9672  !  28 

Boron       -    -    - 

0-2500 

2-7500 

11-0 

2-750 

U 

1331.  In  paragraph  193  we  have  placed  befon  tbe 
student  Sir  d.  Brodie's  reasons  for  considering  that,  in 
certain  compounds  of  carbon,  the  carbon  is  in  the  form  of 
graphite ;  and  he  arrives  at  the  conclusion  that  the  noo- 
ber  33  is  the  atomic  weight  of  the  graphite.  This  view  of 
the  atomic  weight  of  graphite  is  supported  by  its  speeifie 
heat ;  for  if  we  multiply  the  speciBc  heat  of  gnmhite  by 
33,  its  atomic  specific  neat  conibrms  to  the  law  of  Dulosg 
and  Petit,  thus, — 

0-2018  X  33  =  6-6594. 

1332.  A  Umic  heats  qf  compound  bodies,^"  Begnanlt  his 
found  that  the  specific  heat  of  alloys  is  exactly  the  mean  ot 
that  of  their  components,  hence  their  atomic  heat  is  equl 
to  the  sum  of  those  of  their  components ;  but  with  tfau 
exception,  the  atomic  heat  of  a  compound  body  cannot  be 
calculated,  like  its  chemical  equiyalent,  from  the  sum  of 
the  atomic  heats  of  its  constituents.  The  atomic  heat  of 
the  compound  is  very  generally  less  than  that  sum,  and  H 
varies  from  this  number  acconung  as,  during  combinaticKi. 
condensation  of  the  component  particles  has  occurred  to 
a  greater  or  less  extent,  and  according  to  other  hitherto 
unascertained  causes. 

1333.  "  On  comparing  together  equivalent  qnantitieB  of 
isomorphous  compouncb  possessed  of  a  similar  chemical 
composition,  Neumann  found  that  they  likewise  possessed 
equal  atomic  heats.  The  differences  from  the  mean  »re 
in  some  cases  considerable,  but  they  are  of  the  same 
order  as  those  already  observed  to  occur  in  the  simple 
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bodies.  The  mean  atomic  heat  of  the  isomorphons  car<* 
bonates,  snch,  for  example,  as  the  carbonates  of  lime^ 
baryta,  iron,  lead,  zinc,  strontia,  and  the  double  carbo- 
nates of  lime  and  magnesia,  is  10*61,  varying  from  10*55 
and  10*85.  In  ]ike  manner,  the  sulphates  of  baryta,  lime, 
strontia,  and  lead,  yield  a  mean  atomic  heat  of  12*41. 

1334.  **  Begnanlt,  from  an  extensive  series  of  experi- 
ments on  a  ii;reat  variety  of  compound  bodies,  has  amved 
at  the  conclusion  that  *  in  all  compound  bodies  of  th^  same 
atomic  composition^  and  qf  similar  chemical  constitution^ 
the  specific  heats  are  inversely  as  the  atomic  loei-ffhts.* 
The  product  obtained  by  multiplying  the  specific  heat 
into  the  equivalent  number  in  any  one  class  of  com- 
poimds  may,  however,  differ  greatly  from  the  product  of 
the  corresponding  numbers  in  any  other  class,  the  num- 
bers furnished  by  the  different  classes  not  being  con-> 
nected  by  any  simple  ratio.*"  f 

1335.  Development  qf  heat  by  chemical  action, — ^The 
quantity  of  heat  emitted  by  the  combination  of  the  same 
substances  is  always  the  same  under  the  same  circum- 
stances. But  the  amount  emitted  cannot,  in  the  majo- 
rity of  cases  at  least,  be  the  actual  quantities  of  heat 
due  to  the  chemical  action ;  because,  as  each  change  of 
state,  and  even  each  change  in  the  state  of  aggregation, 
is  attended  with  an  evolution  or  absorption  of  heat,  it 
follows  that  if  the  combination  is  attended  with  a  change 
of  state,  or  even  with  a  change  in  the  state  of  aggrega- 
tion, there  must  be  an  addition  to,  or  subtraction  from, 
the  amount  of  heat  developed  by  the  chemical  action ;  for 
example,  matter  cannot  pass  from  the  solid  to  the  fluid,  or 
from  the  fluid  to  the  gaseous  state,  without  an  absorption 
of  heat;  on  the  other  hand,  matter  cannot  pass  from 
tbe  gaseous  to  the  fluid,  or  from  the  fluid  to  the  solid 
state,  without  an  evolution  of  heat.  If  matter  only 
cbanges  its  state  of  aggregation,  the  change  is  generally 
attended  with  an  evolution  or  absorption  of  heat ;  if  the 
btilk  of  the  body  be  diminished,  for  instance,  heat  will  be 
evolved ;  if,  on  the  other  hand,  it  be  increased,  heat  will 
be  absorbed.    Tbe  heat  evolved  must  therefore  exceed 

*  This  oompariaon  is  made  "with  the  old  atomic  weights, 
t  Miller  g  *'  Elements  of  Ghemintrj,"  3rd  toI. 
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that  reeXLj  dae  to  the  act  of  combination  in  such  caM  a 
the  foUowing  :— 

1.  When  a  gaaeons  componnd  ooeopiee  less  balk  ibi 
its  gaseoiiB  ooDBtituents  did  before  combination. 

3.  When  a  liquid  ia  produced  by  the  combinatioa  d 
two  gaaeona  compounds. 

3.  l/Vhen  a  sohd  is  produced  by  the  combination  of  rae 
solid  and  one  gaseous  substance,  or  by  the  oombiBatiai 
of  two  gases ;  or  by  the  combination  of  one  solid  and  sai 
liquid,  or  by  the  combination  of  two  liquids. 

1336.  The  heat  erolved  must  be  less  than  tbat  xcslf 
due  to  the  combination  in  such  cases  as  the  following:^ 

1.  When  a  licjuid  is  produced  by  the  combination  ef  i 
liquid  and  a  solid,  or  by  the  combination  of  two  sc^ids. 

2.  When  a  ffaseous  body  is  produced  by  the  combbt- 
tion  of  a  liquid  and  a  gas,  or  by  the  combination  of  a  gtf 
and  a  solid. 

1337.  When  a  gaseous  body  is  produced  by  the  wnoa 
of  two  gaseous  bodies,  and  the  compound  occnixies  tiis 
same  bmk  that  its  constituents  did  oefore  oombinalioB. 
even  in  this  case  the  heat  evolTed  might  not  be  the  aetesl 
quantity  due  to  the  combination,  because  the  oompound 
might  have,  and  probably  would  hare,  a  specific  heat  diA 
ferent  to  that  of  its  elements. 

1338.  The  heat  of  combination  would  be  altered  ia 
quantity,  not  only  by  a  change  of  state,  or  by  a  diiBTeraitt 
between  the  specific  neat  of  the  compound  and  that  of  iti 
constituents,  but  also  by  the  compound  possesBin^r  ^  densitf 
greater  or  less  than  that  of  its  eiementiB. 

1339.  As  we  are'  unable  to  make  corrections  for  tbeiB 
disturbing  causes,  we  are  unable  to  arrive  at  tiie  truB 
amount  of  heat  evolyed  by  the  equivalents  of  the  difTere^ 
elements. 

1340.  But  little  is  known  respectmg  the  relation  whidk 
the  heat  of  combustion  of  a  compound  of  two  or  mon 
combustible  substances  bears  to  the  sum  of  the  heats  of 
the  combustion  of  its  constituents.  In  some  cases  it  ii 
leFS  than  that  sum  {e.g.,  marsh  gas),  in  others  greater 
(bisulphide  of  carbon,  oil  of  turpentine).  The  relatioi 
in  question  is,  doubtless,  greatly  affected  by  the  moleeolar 
states  of  the  compound  and  its  elements  in  the  sepanto 
state. 

1341.  As  heat  cannot  be  weighed  or  measured,  tlie 
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absolute  amount  of  heat  which  any  sabatance  eTolves  in 
burning  cannot  be  ascertained,  but  the  relative  amounts 
erolyed  by  different  sabstanoes  can  be  accurately  deter- 
mined;  this  is  accomplished  by  transferring  the  heat 
emitted  by  the  combustion  to  a  third  body,  and  deter* 
mining  the  number  of  degrees  the  given  weight  of  this 
third  Dody  is  raised  in  ^mperatnre  by  dinerent  sub- 
stances :  we  thus  arrive  at  the  relative  amounts  of  heat 
they  evolve  in  the  act  of  combiniDg. 

1342.  La  Place  and  Eumford  were  the  earliest  investi- 
gators in  this  interesting  field  of  research ;  Lavoisier  and 
La  Place  caused  the  heat  to  act  on  ice,  and  from  the 
amount  of  ice  melted  they  measured  the  amount  of  heat. 
The  apparatus  they  employed  in  their  investigations  they 
termed  a  calorimeter.  Ice  is  objectionable  on  account  of 
the  difficulty  of  obtaining  the  whole  of  the  water  produced 
by  the  Uquefaction  of  the  ice.  Eumford,  theretbre,  sub- 
stituted water  for  ice,  and  although  many  improvements 
have  been  made  on  Bumford's  method,  water  is  still 
employed.  We  shall  here  give  a  description  of  the  appa- 
ratus employed,  and  the  method  pursued  W  one  of  the 
latest  and  most  successful  investigators.  Dr.  Andrews,*  in 
this  difficult  field  of  research. 

1343.  Dr,  Andrewe*  method, — ^When  the  substances  to 
be  combined  were  in  the  gaseous  state,  and  the  products 
of  combustion  were  also  gaseous,  the  gases  were  mixed 
together  in  the  proper  proportions,  as  for  a  common 
eudiometric  experiment,  and  were  introduced  into  a 
copper  vessel  (Figs.  30  and  31),  whose  capacity  was  about 
380  cubic  centimetres.  It  was  closed  by  a  screw,  as 
shown  in  the  figure,  the  head  of  which  is  perforated  with 
a  conicfld  aperture  (the  apex  towards  the  outside),  to 
admit  a  very  tightly  fitting  cork.  Through  the  cork  a 
silver  wire,  a  a,  passes,  and  another,  h,  is  soldered  to  the 
side  of  the  screw.  These  wires,  as  shown  in  the  figure, 
are  connected  bv  a  very  fine  platina  wire.  When  the 
vessel  is  closed  (Fig.  30),  the  first  silver  wire  is  brought 
into  contact  with  a  narrow  band  of  copper,  ec,  which 
surrounds  the  upper  edge  of  the  vessel,  but  is  at  the  same 
time  insulated  from  it. 

*  "On  the  Heat  Disengnged  during  the  Combination  of  Bodies  with 
Oxjgen  and  Chlorine."  By  Thomas  Andrews,  M.D.  FkUonoph,  Mag., 
^off  1846. 
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1344.  The  yessel  containing  the  mixed  sasei,  id 
adjusted  in  the  manner  described,  was  introdaoed  nie 
another  of  larger  capacity,  which  was  then  filled  lii^ 
water  at  the  proper  tem{>erature.  The  latter  wii  n^ 
pended  in  a  cylinder  having  a  moveable  cover  at  )xA 
ends,  and  the  whole  was  finely  introdnoed  into  anoita 
vessel,  also  of  a  cylindrical  shape,  and  which  was  exgi^ 
of  being  rapidly  rotated  round  its  shorter  axis.  Tk 
whole  arrangement  will  be  understood  by  inspect 
Fig.  32,  in  which  the  several  parts  of  the  appantiis  ire 
represented. 

Fio.  32. 


Fq.Sf. 


Fij.30. 


h^T^ 


134-5.  Before  observing  the  initial  temperature,  tw 
apparatus  was  rotated  for  some  time,  in  order  to  eetabliw 
a  complete  uniformity  of  temperature  through  all  i» 
parts.  The  apparatus  being  fixed  in  the  position  pIiowj 
in  Fig.  32,  the  thermometer  was  next  introduced  thr<W 
the  apertures  shown  in  the  lids,  and  the  temper^^ 
observed.  On  the  removal  of  the  thermometer,  tw 
exterior  of  the  apparatus  was  brought  into  contact  witn 
one  pole  of  a  voltaic  battery,  while  the  other  pol^.f** 
passed  through  the  water  tilt  it  came  into  contact  eitli^ 
with  the  central  silver  wire,  or  with  the  copper  ^°- 
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{e  €y  Fig.  31.)  The  position  of  the  wires  at  this  period  of 
the  experiment  is  shown  in  Fig.  32.  By  this  arrangement 
the  cirooit  was  completed  through  the  fine  phitina  wire« 
which,  heooming  instantly  ignited,  caused  the  mixture  to 
explode.  The  orifice  of  the  calorimeter  was  then  quickly 
closed  with  a  good  cork,  the  lid  of  the  outer  7e8Bel  shut 
down,  and  the  whole  rotated  for  thirty-fiye  seconds, 
in  which  short  space  of  time  the  heat  produced  by  the 
combination  was  round  to  be  uniformlj[  distributed  through 
the  apparatus.  This  rapid  distribution  of  the  heat  was 
greatly  facilitated  by  the  presence  of  a  small  quantity  of 
water  in  the  inner  vessel.  The  thermometer,  previously 
brought  as  nearly  as  possible  to  the  expected  temperature 
of  the  liquid,  was  again  introduced,  and  the  increment  of 
keat  observed. 

1346.  The  duration  of  the  experiment  was  so  short, 
that  scarcely  any  correction  for  the  cooling  and  heating 
influence  of  the  air  was  required.  The  temperature  of 
the  air  was  in  general  a  little  above  the  mean  between  the 
initial  and  ^^m.  temperatures  of  the  apparatus.  The  heat, 
however,  was  given  out  so  rapidly  that  the  latter  must 
liave  been  nearly  at  the  final  temperature  during  the 
greater  part  of  the  time.  AfLer  each  experiment,  the 
apparatus  was  again  rotated  for  a  period  of  thirty-five 
seconds,  and  the  Toss  of  heat  from  cooling  observed.  Dr< 
Andrews  assumed  one-half  of  this  loss  to  be  tiie  required 
correction,  except  in  the  case  of  oiefiant  gas,  when  the 
initial  temperature  was  a  little  lower  thsn  usual.  The 
eorrectimi  so  applied,  it  will  be  seen,  never  exceeded 
0-005°  C. 

1347.  The  thermal  values  of  the  different  parts  of  the 
apparatus,  in  terms  of  water,  were  as  follows  :— 

Copper,  170grams.  X  0095  -  -  -  16-15 

Brass,     111     „      x  0094  -  -  -  10-43 

Solder,     15     „      x  0043  -  .  -  0-64 

Leather,  cork,  Ac.  -        -  -  -  -  0*48 

Thermal  value 2770 

1348.  The  amount  of  water  was  always  determined  by 
weighing  the  apparatus  with  its  contents  after  each  expe- 
riment, and  deducting  the  weight  of  the  same  when  dry. 

1349.  J)eiernimation  of  the  hecU  disengaged  during  the 
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combination  of  hydrogen  and  oxygen,^-l!}aB  hydrogen  ob- 
ployed  was  purified  by  paflsing  it  th2X>iifl;li  a  wri»d 
tubes  In  which  it  was  suceessirely  exposedto  solntioni  of 
acetate  of  lead,  sulphate  of  silver,  and  hydrate  of  potnfa. 
It  was  afterwards  collected  orer  water  in  a  gndosted 
▼essel.  In  this  way  it  became  contaminated  with  a  smii 
quantity  of  atmospheric  air,  the  amoont  of  whidi  ilvii 
necessary  to  ascertain  with  precision.  This  waa  effected 
by  an  independent  experiment*  in  which  the  gas  was  «^ 
lected  in  exactly  the  same  manner.  In  the  caae  of  (Aa 
gases,  the  tme  volume  was  inferred  from  the  diminntiaB 
which  occurred  after  the  explosion.  The  difficulty,  Br. 
Andrews  remarks,  of  obtaining  accurate  resalta  in  exgen- 
ments  upon  gases  collected  over  water  (which  for  obnov 
reasons  could  not  be  avoided  in  this  inquiry)  is  so  wdl 
known  to  chemists,  that  it  is  unnecessary  to  dwell  «^ 
it.  Dr.  Andrews  endeavoured  in  every  caae  to  detennine 
by  experiment,  and  to  apply  the  necessary  correotioiis  fbr 
absorption,  Ac.,  but  he  has  also  given  in  his  expefimenti 
the  results  immediately  obtained  by  observation* 

BXBR0I8B8. 

198.  In  the  following  experiments,  H  represents^ 
volume  of  hydrogen  gas  in  cubic  centimetres  aa  obtuned 
by  obserration ;  H  c,  the  same  corrected  for  admixtors 
or  air,  absorption  by  water,  &o. ;  B,  the  heisrht  of  ^ 
barometer  in  English  inches,  reduced  to  0^  C. ;  T,  tb 
temperature  of  the  hydrogen  gas  in  Centigrade  de^[reei» 
E,  the  excess  of  the  final  temperature  of  the  water  miKe 
calorimeter  above  the  air ;  I,  the  increment  of  temperaton 
found  ;^  I  c,  the  same  corrected ;  W,  the  weight  of  tk 
water  in  the  calorimeter  expressed  in  grammes ;  and  T, 
the  thermal  value  of  the  vessels. 


IslBxperiment. 

H    229  3C.C. 

andBzperiment. 
229*2  C.C. 

He 

226*8  c.  c. 

226*7  CO. 

B 

3017  in. 

3016  in. 

T 

19--7 

19^8 

E 

(f-9 

0'-9 

I 

y-074 

2*-068 

Ic 

2«-079 

3*^)68 

W 

276*7  grams. 

278-7  grams. 

V 

27*7  grams. 

27-7  grama. 
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Deiermine  from  these  numbers  the  heat  evolyed  durinff 
the  combination  of  one  litre  of  dry  hydrogen  gas  measttred 
at  (f  C,  and  nnder  a  pressure  in  29*92  m.,  with  oxygen, 
in  each  of  the  experiments ;  and,  taking  the  mean  of  the  two 
numbers  so  found,  find  the  heat  produced  during  the 
combination  of  one  gramme  of  oxjgen  with  hydrogen. 

1350.  The  heat  obtained  in  the  union  of  oxygen  and 
hydrogen  arises  from  two  distinct  causes:  one,  the 
cnemical  combination;  the  other,  the  condensation  of 
the  vapour  formed  by  the  combination.  The  hitter  is  an 
accidental  complication,  which  would  not  have  interfered 
with  the  result  if  the  experiment  had  been  performed  at 
a  temperature  superior  to  100°  C.  If  we  assume  the 
latent  heat  of  steam  at  20°  to  be  611  units,  the  heat 
CTolved  by  the  condensation  of  1*125  grammes  steam  will 
be  687,  which,  deducted  from  the  numbers  found  for  the 
heat  produced  by  the  combination  of  1  gramme  of  oxygen 
with  nydrogen,  gives  the  true  heat  due  to  the  chemical 
combination  of  that  weight  of  oxygen  with  hydrogen. 

1351.  DetermifuUion  of  the  heat  d%%engaged  durina  the 
combination  qf  carbonic  oxide^  and  oxygen. — The  carbonic 
oxide  was  prepared  hj  the  action  of  sulphuric  acid  on  oxalic 
acid,  the  carbonic  acid  formed  during  the  process  being 
absorbed  by  a  solution  of  caustic  potash.  To  insure 
complete  combustion,  an  excess  of  oxygen  was  always 
emmoyed.  The  residual  gas,  after  being  deprived  of  its 
oaroonic  acid,  was  measured,  and  the  original  volume  of 
carbonic  oxide  was  deduced  from  the  reduction  of  volume 
of  the  mixture  after  combustion.  As  before,  Dr.  Andrews 
endeavoured  to  correct  the  volumes  aotualljr  found  for 
the  errors  inevitable  to  eudiometrio  experiments  per- 
formed over  water.  A  small  allowance  was  also  made 
for  the  air  extracted  from  the  water  (about  20  grammes), 
which  was  always  left  in  the  inner  vessel 

199.  In  this  and  Exercises  200  and  201,  M  designates  in 
cubic  centimetres  the  volume  of  the  gaseous  mixture  before 
combustion ;  M  c,  the  same  corrected  for  absorption  by 
water  during  the  transference  from  one  vessel  into  another, 
Ac. ;  K,  the  volume  of  the  residue  (consisting  chiefly  of  the 
excess  of  oi^gen)  after  combustion,  and  removal  of  the 


oxyj 
nd; 


oarbonio  acid  $  B  c,  the  same  corrected.    The  other  letters 
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have  the  BignifioatioDB  already  explained  in  the  preriM 
exemse. 


lit  Experiment. 

2iid  Experiment. 

M    362-2 CO. 

362  5  c.  c. 

Mc  361*3  c.c. 

361-6  C.C. 

E       24-2  C.C. 

24  2c.c. 

He     24-3  CO. 

24-3  c.  c. 

B       3009  in. 

3009  in. 

T       15«-7 

15'-8 

E        1^0 

0^-9 

I         2°-148 

2*^-132 

Ic       2^153 

2*»137 

W    270-7  grams. 

2720  graniB. 

V.      27-9  eraniB. 

27-9  grania 

Determine  from  tbese  numbers  the  heat  evolTed  dnriag 
the  combination  of  one  litre  of  dry  carbonic  oxide  gu» 
measured  at  0°,  and  under  a  pressure  of  29-92  inches,  with 
oxygen  in  each  of  the  experiments ;  and,  taking  tbe  mean 
of  tne  two  numbers  so  found,  find  the  beat  prodooed 
during  the  combination  of  one  gramme  of  oxygen  witK 
carbonic  oxide. 

1362.  Determination  of  the  heat  dieengaged  during  tif 
combination  ofmareh  gax  with  oxygen. 

200.  The  marsb  gas  employed  in  these  experiments  wtf 
obtained  from  a  stagnant  pool.  It  containea  an  unusually 
large  proportion  of  nitrogen.  A  large  excess  of  oxygen 
was  employed  to  bum  it. 


2nd£zpenmeaL 

M     360-2  c.c. 

359  Occ. 

Mc  369-3  o.c. 

358-1  c.c. 

E      106-0  c.  c. 

108-6  c.  e. 

E  c   105-8  c.  c. 

109-4  0.  c. 

B        3010  in. 

30- 10  in. 

T        16°-8 

16^7 

E          V'O 

1^-0 

I           2»-604 

2^-457 

lo        2*^-609 

2''-462 

W    268-1  grams. 

268-7  grams. 

V       28-1  fframs. 

28-1  grams. 

Determine  from  these  numbers  the  heat  evolved  during 
the  combination  of  one  litre  of  dry  marsh  gas,  measured 
at  (f  C,  and  under  a  presaore  of  2^-92  inches,  with  oxygen 
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in  each  of  the  experiments ;  and,  taking  the  mean  of  the 
numbers  so  founds  find  the  heat  produced  during  the 
combination  of  one  f^amme  of  oxygen  with  marsh  gas, 
and  then  apply  a  similar  correction  for  the  heat  produced 
by  the  condensation  of  the  vapour  of  water  to  that  em* 
ployed  in  exercise  (198). 

1353.  Determination  of  the  "heat  disengaged  during  the 
combination  ofolefiant  gas  with  oxygen. 

201.  The  defiant  gas  employed  in  the  experiments  was 
prepared  and  purified  by  the  usual  processes.  It  was 
still  found  to  contain  6*4  vols,  of  carbonic  oxide  in  every 
100  vols.,  in  accordance  with  the  observation  first  made 
by  Dr.  J*  Davy.  It  is  necessary,  in  reducing  the  results, 
to  take  into  acootmt  the  heat  produced  by  the  combustion 
of  this  portion  of  carbonic  oxide.  In  order  to  insure  the 
complete  combustion  of  the  gas,  and  at  the  same  time  to 
dimmish  the  force  of  the  explosion,  nearly  four  and  a 
half  volumes  of  oxygen  were  taken  for  every  volume  of 
defiant  gas. 


iBt 

Experiment. 

2nd  Experiment. 

M 

364-8  c.c. 

8640  O.C. 

Mc 

363-9  c.c. 

3631  CO. 

E 

110-3  c.c. 

106-4  c.  0. 

Re 

111-2  C.C. 

107-3  c  c. 

B 

3015  in. 

30-23  in. 

T 

13^-6 

13°-3 

E 

0°-8 

r-0 

I 

3*'016 

3«-163 

Ic 

3°017 

3*»166 

W 

265-3  grams. 

255*7  grams. 

V 

28-1  grams. 

28-1  grams. 

Determine  from  these  numbers  tiie  heat  evolved  during 
the  combination  of  one  litre  of  dry  defiant  gas,  measured 
at  0°  C,  and  under  a  pressure  of  29*92  in.,  with  oxygen, 
in  each  of  the  experiments ;  and,  taking  the  mean  of  the 
two  numbers  so  found,  find  the  heat  produced  during  the 
combination  of  one  gramme  of  oxygen  with  olefiant  gas ; 
and  then  apply  a  similar  correction  for  the  heat  produced 
by  the  condensation  of  the  vapour  of  water  to  that 
employed  in  exercise  (198). 

1354.  Combination  of  oxygen  with  solid  and  fluid  bodies. 


6Cn  DBYXLOPHENT  OF  HBAT 

—A  considerable  modification  of  the  apparatus  was  1^ 
qoired  for  the  determination  of  the  heat  produced  dmc 
the  combination  of  solid  and  liauid  snbBtancei  vitt 
oxygen.  The  slowness  of  the  comDostion  in  most  emt% 
mide  it  necessary  to  operate  upon  a  larger  scale ;  and  m 
the  apparatus  conld  no  longer  be  inverted,  it  was  tbo 
necessary  to  distribute  the  heat  by  a  different  method. 

1355.  Fig.  33  exhibits  the  general  form  of  the  appi- 
ratus.  The  combination  took  place  in  a  copper  Yesselof 
about  four  litres  capacity.  The  combustible  was  pkeed 
in  a  platina  cup,  shown  in  Fig.  34,  which  ia  suspended 
from  the  lid  or  the  copper  ressel  by  means  of  platini 
wires.  A  fourth  wire,  also  of  platina,  but  insulated  by 
beinf^  surrounded  by  a  glass  tube,  descends  through  as 

Xning  in  the  lid,  and  is  connected  below  wi&  tlie 
ina  cup  through  the  medium  of  a  very  Bne  platiBa 
wire,  and  above  with  a  circular  disc  of  copper,  wliieii  is 
seen  detached  in  Fig.  34,  and  in  its  proper  position  is 
Fig.  33.    Before  the  commencement  of  an  experimait, 

Fze.  83. 


^       I 
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this  disc  was  firmly  fixed  to  the  lid  of  the  copper  Teasel, 
but  it  was  also  carefully  insulated  from  it.  Thus  by 
bringing  the  disc  and  any  other  part  of  the  copper  tcsbcI 
into  contact  with  the  opposite  poles  of  a  Toltaic  batteiy, 
the  fine  platina  wire  could  he  instantly  ignited. 

1356.  In  performing  an  experiment,  the  copper  vessel 
was  first  filled  with  pure  oxygen  gas,  the  lid  carrying  the 
platina  cup,  &c.,  tnen  introduced  into  its  place,  the 
copper  disc  attached  to  the  lid,  and  its  metallic  connection 
-with  the  insulated  wire,  e,  oarefuUy  secured.  The  whole 
-was  next  placed  in  the  calorimeter,  which  contained  the 
proper  quaotity  of  water,  previously  cooled  to  the  required 
temperature,  and  weighed.  The  inner  vessel  was  secured 
in  its  place  by  the  vertical  rod,  a  a.  The  calorimeter  was 
covered  with  a  lid  containing  apertures  for  the  vertical 
rod  and  the  thermometer,  and  the  whole  was  surrounded 
by  an  outer  vessel  of  tin  plate,  to  prevent  the  effects  of 
radiation.  The  details  of  the  arrangement  will  be  obvious 
from  an  inspection  of  Fig.  38.  By  means  of  the  horizontal 
arm,  e  o,  the  inner  vessel  could  be  agitated  through  the 
water  in  the  calorimeter.  A  pin,  shown  at  ft,  restrained 
the  motion  of  the  vertical  rod  within  such  limits  that  the 
inner  vessel  was  never  permitted  to  rise  during  the 
agitation  above  the  surface  of  the  water  in  the  calorimeter. 
Upon  the  sides  and  bottom  of  the  inner  vessel,  small 
hollow  knobs  were  placed,  which  maintained  at  all  times  a 
certain  distance  between  4he  two  vessels. 

1367.  Previous  to  the  commencement  of  an  experiment, 
the  inner  vessel  was  gently  moved  up  and  down  till  every 
part  of  the  apparatus  had  acquired  the  same  tempera- 
ture. The  ignition  was  effected  by  a  similar  method 
to  that  alrefuiy  described  in  the  previous  section,  by 
bringing  the  vertical  rod  and  the  copper  disc  respectively 
into  contact  with  the  terminal  wires  of  a  galvanic  arrange* 
ment.  The  same  aperture  in  the  lid  served  for  tne 
introduction  of  the  thermometer,  and,  afterwards,  of  the 
^alvanie  wire.  After  the  combination  had  be^un,  the 
inner  vessel  was  gently  moved  up  and  down  within  the 
calorimeter  for  a  sufficient  period  of  time  to  allow,  not 
only  the  combustion  to  be  completed,  but  the  heat  thereby- 
produced  to  be  uniformly  distributed  through  the  whole 
of  the  apparatus.  In  every  experiment,  after  the  obserra* 
tion  of  the  final  temperature,  the  agitation  was  again 
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repeated  during  two  minutes*  in  order  to  ascertain  poo* 
tirely  that  the  whole  of  the  heat  had  been  obtained. 

1358.  The  longer  period  of  time  occupied  in  theie 
experiments  rendered  the  corrections  for  tne  cooling  isd 
heating  influence  of  the  air  of  more  importance  than  ia 
the  former  ob8er7ation8.  To  determine  with  alMK>bte 
accuracy  the  Talue  of  these  corrections,  under  the  Tmryis^ 
circumstances  of  each  experiment,  would  have  been  ex- 
tremely difficult.  Dr.  Andrews  therefore  endeayomed 
so  to  arrange  the  experiments  that  the  amount  of  eorrec- 
tion  to  be  applied  in  each  case  might  be  very  small;  » 
small,  indeed,  that  the  application  of  an  imperfect  aopirazi- 
mation  might  be  practically  sufficient  From  the  effects  of 
friction,  the  proximity  of  the  person  of  the  obseirer,  and 
other  causes,  the  rate  of  heating  was  always  greater  than 
the  rate  of  cooling,  for  equal  differences  between  the 
temperature  of  the  air  and  of  the  apparatus ;  and  for  the 
same  reasons,  the  latter  was  found  to  maintain  a  stationary 
temperature  only  when  the  thermometer  in  it  indicated  a 
temperature  about  0^*3  C.  higher  than  that  of  the  ma* 
rounding  air.  If  we  represent  by  a  the  difference  be* 
tween  the  temperature  of  the  air  and  of  the  apparatus, 
the  correction,  v ,  for  the  gain  or  loss  of  heat  sustained 
by  the  apparatus  during  m  minutes,  will  be  expressed  by 
the  formula, — 

V  =  +  «i  (a  +  a»-3)  a'0026. 

1359.  The  values  of  Y  given  by  this  expression  agree, 
within  the  ranges  of  temperature  whion  occurred  in 
these  experiments,  very  closely  with  the  direct  results  of 
observation. 

1360.  The  usual  time  which,  elapsed  between  the  ob- 
servation of  the  initial  and  final  temperatures  was  sixteen 
minutes ;  and  in  such  cases  it  was  assumed  that  the  ap- 
paratus was  at  the  minimum  temperature  durin|^one-and-a' 
naif  minute,  at  the  maximum  auring  eight  mmntes,  and 
during  the  intermediate  period  at  the  temperature  of  the 
air.  In  other  cases,  where  the  combination  took  place 
more  quickly,  the  corrections  were  made  on  the  assump- 
tion that  the  apparatus  was  at  the  minimum  point  during 
one  minute,  and  at  the  maximum  during  one-half  of  the 
whole  time  occupied  by  the  experiment. 
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EXESCISB8. 

1361.  Determinaium  of  the  heat  disengaged  during  the 
combination  of  carbon  and  oxygen, — The  carbon  was  em« 
ployed  in  the  form  of  woo^charcoal.  It  was  purified  ' 
by  the  method  of  M.  Dmnas  from  all  oxidable  matters, 
first  by  ebullition  in  strong  nitro-muriatic  acid,  and  after- 
wards by  exposure  for  several  hours  at  a  strouff  red  heat 
to  the  action  of  dry  chlorine  gas.  To  expel  all  volatile 
compounds,  it  was  nnaUy  ^posed  to  a  strong  white  heat 
under  a  layer  of  charcoal.  The  earthy  impurities,  together 
with  a  certain  portion  of  carbon  (which,  notwithstsjiding 
the  great  excess  of  oxygen,  always  escaped  combustion), 
remained  in  the  platina  dish  after  each  experiment.  By 
deducting  the  weight  of  this  residue  from  that  of  the 
carbon  originally  token,  the  weight  of  the  carbon  con- 
samed  was  immediately  obtaineo.  To  obtain  with  ac« 
curacy  the  weight  of  the  charcoal,  it  was  introduced 
in  die  state  of  hue  powder  into  the  platina  cup  already 
referred  to ;  and  auer  being  heated  nearly  to  ignition* 
the  latter  was  enclosed  in  a  copper  box,  which,  when 
covered  by  its  lid,  communicated  with  the  external  air 
only  by  a  very  small  aperture.  The  whole  was  then 
allowed  to  cool  in  vacuo  over  sulphuric  acid ;  and  when 
cold,  a  stream  of  dry  air  was  admitted  into  the  receiver. 
The  aperture  in  the  lid  being  now  closed,  the  weight 
of  the  entire  was  determined. 

1362.  To  obtain  complete  combustion  a  very  large 
excess  of  oxrgen  was  employed ;  but  even  with  tnis  nre- 
caution,  carbonic  oxide  was  discovered  in  the  residual 
gas  in  several  of  the  following  experiments. 

202.  In  this  and  the  two  following  exercises,  M  desig- 
nates the  weight  of  the  substance  burned ;  T,  the  tempe- 
rature of  the  air,  and  the  other  letters  the  same  quantities 
as  in  the  previous  exercises, 

2nd  Experiment. 

1-177  grams, 
10^-4 
0^-6 
2**-648 
2*-644i 
3214  grams, 
180  grams. 


lat  Experiment. 

M 

1088  grams. 

T 

10^-6 

E 

0^-3 

I 

2^-473 

Ic 

2''-464 

W 

3183  grams. 

V 

180  grams. 
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Determine  from  these  nnmben  the  heat  e^ol^ed  during^ 
combination  of  one  gramme  of  carbon  with  oxygen,  and 
one  gramme  of  oxygen  with  carbon. 


Dr.  Andrews  remarks  that  these  numbers  csmiol 
be  considered  perfectly  accurate,  but  are  probably  a  litde 
below  the  trutn,  in  consequence  of  the^  formation  of  tiie 
small  quantity  of  carbonic  oxide,  to  which  reference  bu 
already  been  made. 

1364.  DetermincUion  of  the  keai  dUemgaged  during  tk 
combination  of  sulphur  and  oxggen, 

203.  The  sulphur  was  employed  in  the  state  of  flowen 
of  sulphur,  deprived  of  the  acid  with  which  ihej  m 
always  contaminated,  by  washing.  A  small  quantity  of 
earthy  residuum  remained,  the  weight  of  which  was  de* 
termined  at  the  end  of  each  expenment,  and  deducted 
from  the  original  weight  of  the  sulphur.  During  tlw 
combustion,  a  small  quantity  of  suiphurie  acid  (oor 
responding  to  about  3  per  cent,  of  the  sulphur)  was  fonsed, 
for  which  reason  the  experimental  results  must  indicates 
little  more  than  the  true  quantity  of  heat  due  to  the  eoB- 
▼ersion  of  sulphuric  into  sulphurous  acid.  The  heat  ia 
these  experiments  was  given  out  in  the  course  of  eight 
minutes. 

1st  Experiment.  Snd  Experiment, 

M  3*087  grams.  3*069  grama. 

T  lO**-*  12°8 

E  1*0  1**0 

I  2°-61  2^-436 

Ic  2*-612  2^-438 

W  2699  grams.  2739  grams. 

y  175  grams.  175  grams. 

Determine  from  these  numbers  the  heat  evolved  during 
the  combination  of  one  gramme  of  sulphur  with  oxygea 
and  one  gramme  of  oxygen  with  sulphur. 

1365.  Determination  of  the  heat  disengaged  during  th 
combustion  qf  alcohol  in  oxygen » 

204.  The  alcohol  employed  in  the  experiment  wss  per* 
fectly  pure.  Its  density  at  IS"*  was  07959,  and  it  was 
always  redistilled  from  a  large  excess  of  pure  hme  im- 
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mediately  before  beiofir  used.  The  principal  difficulty. 
Dr.  Andrews  remarks,  in  examining  the  heat  prodaced  by 
the  combustion  of  this  substance,  was  to  complete  all  the 
preliminary  arrangements  after  its  introduction  into  the 
oxygen  gas  so  as  to  ignite  it  before  any  appreciable 

Suantity  nad  evaporated.  The  shortest  time  in  wnich  Dr, 
Lndrews  was  able  to  accomplish  this  was  seven  minutes ; 
but  there  can  be  little  doubt,  he  adds,  that  any  portion  of 
alcohol  which  might  rise  into  the  state  of  vapour  during 
this  time  would  become  ignited  along  with  the  rest.  The 
duration  of  each  experiment  was  five  minutes. 

Ift  Bxperiment.  ind  Experiment. 

M  1060  grams.  0*890  gram. 

T  9^4  lO^l 

B  l»-4  0"-7 

I  2«-556  2-04 

I  c  2-568  2-039 

W  2686  grams.  2773  grams. 

y  174  grams.  174  grams. 

Determine  from  these  numbers  the  heat  evolved  during 
the 'combination  of  one  gramme  of  alcohol  witii  oxygen 
and  one  gramme  of  oxygen  with  alcohol. 

1366.  For  the  modification  of  the  apparatus  employed 
by  Dr.  Andrews  in  determining  the  heat  disengaged 
during  the  combination  of  bodies  with  eUorine,  we  must 
refer  tae  student  to  Dr.  Andrews'  memoir.  We  wUl  now 
give  a  tabular  statement  of  the  results  arrived  at  by  Dr. 
Andrews,  and  also  hj  Favre  and  Silbermann.* 

1367.  "  The  following  table  is  compiled  chiefly  from  the 
results  of  Dulong,  Andrews,  and  Favre  and  Subermann. 
It  is  founded  upon  the  direct  results  obtained  by  the 
rapid  combustion,  in  oxygen,  of  the  various  substances 
enumerated  in  the  first  column.  The  heat  unit  adopted 
is  the  one  proposed  by  Dulong,  viz.,  the  quantity  of  neat 
required  to  raise  one  gramme  of  water  I'G.,  or  rather  f^m 
0°  0.  to  1"^  C.  The  second  column  indicates  the  units  of 
heat  evolved  during  the  act  of  combustion ;  or  the  weight 
in  grammes  of  water  which  would  be  raised  from  0^  C.  to 

*  The  student  is  referred  to  IC.  Fevre  end  silbennenn's  Memoir,  Aimal, 
d*  Ckimie,  3rd  Series,  torn,  zzzit.,  1868,  for  a  description  of  the  eppenitnt 
thej  employed  in  their  1 


608 


DSTBLOPMENT  OF  HEAT 


Vhy  the  combustion  of  one  i^^ramme  of  eacli  subitiBee. 
The  third  column  indicates  the  weight  of  water  heated 
to  the  same  amount  by  the  combination  of  one  y^rammeof 
oxygen  with  each  body.  And  the  fourth  oolamn  (tke 
calorific  equivalent)  is  obtained  by  multiplying  the  nns- 
bers  m  the  third  column  by  8  (the  equivalent  number  of 
oxygen). 

Jleat  developed  dwring  the  comhiMtion  in  oxygen. 


SnbstaoceB  burned. 


Hydrogen 

»> 
Carbon 

Sulphur 

IS        -^ 

»> 

Phosphorus 

Zinc 

»» 
Iron 

Cobalt 
Nickel 
Tin 

»» 

Antimony 
Copper - 


--tit 

rill 


Heat 
Unite. 


33,808 

34,743 

8,080 

7,900 
7,912 
2,220 

2,307 
2,601 
5,747 
5,669 
1,301 
1,298 
1,576 
1,702 
1,080 
1,006 
1,233 
1,144 
961 
602 


4,307 

4,226 
4,343 
3,030 

2,962 
2,967 
2,220 

2,307 
2,601 
4,509 

5,285 
5,273 
4,134 
4,340 
3,995 
3,723 
4,545 
4,230 
5,875 
2,394 


iifg 


33,808 
34,743 
24,240 

23,696 
23,736 
17,760 

18,456 
20,808 
36,072 

42,282 
42,185 
33,072 
84,720 
31,960 
29,784 
36,360 
33,519 
47,000 
19,152 


HO 

»» 

COjj 

M 

SOi 

» 

>f 

ZnO 
)) 

? 

NiO 
SnO, 

Sbb, 
CuO 


Fayre  and 
Silberroaiui. 

Andrews. 

Dulong. 

FaTre  and 
Silberroann. 

Andrews. 

Desprets. 

Farre  and 
SQbermann. 

Andrews* 

Dulong. 

Andrews. 

Abria. 

Andrews, 

Dulong. 

Andrews. 

Dulong. 


Andrews. 

Dulong. 

Andrews. 
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Heat  developed  during  the  combustion  in  oxygen^ 
(continued). 


Heat 

UnitB. 

Calorific 
e*^  LI  IT  a- 

Ic-nt. 

PI 

"3^  7  = 

1 

Obserrer. 

I'l 

m 

1 

fill 

llh 

Ul^ 

i 

O 

o 

o 

5 

Copper 

632 

2,512 

20,(1^16 

CuO 

Dulong. 

Garbonio  oxide 

2,634 

4,609 

36,S7fi 

0  0, 

)) 

19 

2,431 

4,258 

3J.(KH 

)t 

Andrews. 

»l 

2,403 

4,205 

Z^,fM]l 

" 

Farre     and 
SilbermanVi 

Protoxide  of  tin     - 

534 

4,473 

35,781 

SnO, 

Dulong. 

i» 

521 

4,349 

3i,7M2 

«) 

Andrews. 

Suboxide  of  copper 

256 

2,288 

IS^^tH 

CuO 

» 

» 

244 

2,185 

17,1^- 

i> 

Dulong. 

Cyanogen 

5,196 

4,221 

's.\-i\^ 

» 

Marsh  gas     - 

13,063 

3,266 

2G,l:iJ;^ 

Farre    and 
Silbormann. 

f>            "        * 

13,185 

3,296 

2G,3(J8 

Dulong. 

>f            "        " 

13,108 

3,277 

2ri,216 

Andrews. 

OleBant  gas  - 

11,942 

3,483 

27,S04 

9> 

»>           "        " 

11,858 

3,458 

27,tJli4 

Favre     and 
Silbermaun. 

»». 

12,030 

3,514 

28,112 

Dulong. 

Alcohol 

6,909 

3,311 

2t>,18,S 

*t 

»»     '        *        ■ 

6,850 

3,282 

2(>,256 

Andrews. 

»     •        •        - 

7,183 

3,442 

£7,&3ti 

Favre    and 
Silbermann. 

Ether    • 

9,027 

3,480 

27,840 

)} 

Olive  oil 

9,862 

... 

Dulong. 

Oil  of  turpentine  • 

10,852 

3,294 

26,352 

Favre    and 
Silbermann, 

"1368.  Tbe  following  tables  contain  the  results  of  a 
similar  series  of  experiments,  in  which  chlorine,  bromine^ 
and  iodine  were  employed  instead  of  oxygen,— 
2b 
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Quantities  of  heat  disertgaged  by  the  actiom  qfckMm, 


Blementa 
operated  on. 


Hydrogen  - 


PhoaphoraB 
Potassium  - 
Zinc   - 
Iron   - 
Tin     - 
Antimony  - 
Arsenic 
Copper 
Mercury     • 


I 


24,087 
23,783 

8,422 

2,655 

1,629 

1,745 

1,079 

707 

994 

961 

P 


SHI'S 


678 
C70 

607 
2,943 
1,427 

921 

897 
860 
704 
859 
822 


mm 


24,087 

Ha 

23,783 

>i 

21,548 

PCI, 

104,476 

KCl 

50,658 

ZnCl 

32,695 

Fe.a, 

31,722 

SnCl, 

30,401 

SbCl, 

24,992 

As  CI, 
CuCl 

30,494 

29,181 

? 

lAbria. 
FaTre    tnd 
Silbermioii. 
Andrews. 


Quantitiee  of  heat  disengaged  by  the  action  ofbromise 
and  iodine. 


m 

III 

1 

*i>-  -• 

_  }^^ 

^-1 

1 

\                                  Elements 
operated  on. 

rammes     of 
raised  1°0. 
bination  of 
of  8nbstanc< 

rammes    of 
raised  1°C. 
bination  of 
of  chlorine. 

rammes    of 
raised  l*  C. 
bination  of 
bromine  or 

1 

Obaerrer. 

O 

O 

O 

o 

Brominie, 

Zinc   - 

1,269        508      40,640 

ZnBr 

Andrews 

Iron   - 

\ 

1,277        298      23,833 
Iodine, 

Fe.Br, 

>» 

Zinc  - 

819        209  1    26,617 

Znl 

It 

^^^^^^     Iron 

463 

63  1 

8,046 

Fe.I, 

>i 
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1369.  The  results  of  the  earlier  experimenters  on  the 
heat  of  combination  led  Welter  to  consider  it  as  a  law, 
that  a  giyen  quantity  of  oxygen  eyolves  the  same  quantity 
of  heat,  with  whatever  body  it  may  combine.  This  suppo- 
sition the  student  wiU  see,  from  the  table  just  given,  is 
not  confirmed  by  the  results  of  the  more  recent  experi- 
menters, although  the  quantities  evolved  by  the  combina- 
tion of  a  constant  weight  of  oxygen  with  di£ferent  com- 
bustible bodies  are  much  more  nearly  equal  than  the 
quantities  evolved  by  the  combination  of  eqoal  weights  of 
these  several  bodies  with  oxygen. 

1370.  The  student  will  see,  on  comparing  the  quantities 
of  heat  evolved  by  different  substances  in  combining  with 
an  equivalent  of  oxygen,  and  the  quantities  evolved  by 
the  same  substances  in  combining  with  an  equivalent 
of  chlorine,  that  the  heat  evolved  in  the  combination  of  a 
substance  with  chlorine  is  in  some  cases  greater,  and  in 
others  less,  than  in  the  combination  of  the  same  substance 
with  oxygen.  "  The  numbers  do  not  exhibit  any  simple 
relation  to  each  other,  so  that  no  conclusion  can  be 
drawn  from  them  as  to  the  quantity  of  heat  evolved 
or  absorbed  in  the  substitution  of  chlorine  for  oxygen,  or 
of  one  metal  for  another,  in  combination  with  either 
of  these  elq^ents.  Here,  as  in  other  cases,  the  difference 
in  the  state  of  afi;gregation  doubtless  interferes  with  the 
constancy  of  action  which  might  otherwise  be  observed. 
The  amount  of  interference  arising  from  this  cause  is 
much  diminished  when  compounds  are  compared  in  the 
state  of  aqueous  solution ;  and,  accordingly,  it  is  found 
that  when  the  quantities  of  heat  evolved  by  the  combina- 
tion of  different  bases  and  acids  (or  metals  and  radicals), 
in  the  form  of  soluble  salts,  are  compared,  numbers  are 
obtained  which  exhibit  a  tolerably  near  approach  to  regular 
progression." 

1371.  The  heat  developed  by  the  combination  of  an 
oxidized  body  with  oxygen — as,  for  instance,  carbonic 
oxide  or  protoxide  of  tin  with  oxygen — is  less,  as  might  be 
expected,  than  that  produced  in  the  complete  oxidation  of 
the  substance,  as  carbon  or  tin,  for  example.  The  student 
will  see  by  the  table  at  page  609,  that  2,403  units  of  heat  are 
evolved  in  the  conversion  of  one  gramme  of  carbonic  oxide 
into  carbonic  acid,  consequently  5,607  units  of  heat  wiU 
be  evolved  in  the  conversion  into  carbonic  acid  of  that 
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quantity  of  carbonic  oxide  which  contains  one  ^a 
carbon.  On  the  other  hand,  in  the  conrenion  of  oar 
gramme  of  carbon  into  carbonic  acid,  8,080  nnits  of  beai 
are  erolyed.  Therefore,  in  the  conyersion  of  one  gnunme 
of  carbon  into  carbonic  oxide  (8060  —  6607=)  2473  nniti 
of  heat  are  erolyed.  So  that  in  the  conyeraion  of  earboa 
into  carbonic  oxide  leaa  than  half  the  amount  of  heat 
is  eyolyed  than  is  produced  in  the  conyeraion  of  the  same 
element  into  carbonic  acid.    This  is  probably  owing  to  a 

Suantity  of  the  heat  beinf^  rendered  latent  by  reason  of 
le  solid  carbon  assuming  the  gaseous  state. 
1372.  Influence  qf  dimorphiem, — Different  quantities  of 
heat  are  eyolyed  by  sulphur  in  its  different  allotropic  con- 
ditiODS:  in  the  conyersion  into  sulphurous  acid  of  the 
octohedral  form,  2,220  units  of  heat  are  eyolyed;  in  the 
conyersion  of  the  prismatic  form,  2,264  units  are  erolred ; 
and  in  the  conyersion  of  the  yiscous  form,  2,268  units  are 
eyolyed.*  It  is  generally  the  case  that  of  two  or  more 
modifications  of  the  same  substance  the  form  which  has 
the  greatest  specific  heat  eyolyes  also  the  greatest  amount 
of  heat  of  combination.  Thus,  the  specific  heat  of  yellow 
phosphorus  is  greater  than  that  of  the  red  Tariei^,  <me 
gramme  of  the  yellow  eyolyes  6,963  units,  and  one  gramme 
of  red  eyolyes  6,070  units  of  heat  in  its  conj^eraion  into 
phosphoric  anhydride.  "  The  same  relation  is  strikingly 
shown  by  the  foUowing  comparison  of  the  quantities 
of  heat  eyolyed  in  the  complete  combustion  of  equal 
weights  of  different  kinds  of  carbon,  as  detennined  fay 
Fayre  and  Silbermann,  with  their  specific  heats,  as  deter- 
mined by  Eegnault :" — 

Heatof  Bpeoiilo 

combustion.  neat. 

Wood  charcoal    -        -        -  8,080  -  0*24150 

Coke  from  gas  retorts  -        -  8,047  -  020360 

Natiye  graphite  -        -        -  7,797  -  0*20187 

Graphite  from  blast  furnaces  7,762  -  0*19702 

Diamond     -       .        -        .  7,770  -  0*11687 

A  Remarkable  fact  was  obseryed  in  respect  to  diamond, 
namely,  the  change  effected  in  its  calorific  power  by  heat- 
ing it  to  400**  C.  or  600®  C,  and  then  allowing  it  to  cool 

*  These  different  forms  also  differ  in  their  specific  gravity;  the  nedile 
frravity  of  the  octohedral  form  is  2*06,  that  of  the  prismatio  1*S6S,  and  ^aS 
of  the  Tiaooas  1*957. 
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before  burning  it.  Thus,  the  calorific  power,  before  tbe 
preliminary  heating,  waa  7770*1,  and  afterwards  7878*7, 
the  difference  being  108*6. 

1373.  Meat  developed  on  the  combination  of  acidt  and 
boites. — Dr.  Andrews*  has  determined  the  heat  evoked 
daring  the  union  of  bases  and  acids ;  in  order  to  avoid 
the  complex  effects  that  arise  when  successive  combina- 
tions and  decompositions  of  different  kinds  occur  in  the 
same  chemical  action,  he  diluted  the  solutions  of  the  acids 
and  bases  largely  with  water  previous  to  examining  their 
thermal  reactions,  and  the  result  fully  realized  his  antici- 
pations. The  general  conclusion  Dr.  Andrews  deduced 
from  his  investigation  may  be  briefly  expressed  by  stating 
that  the  heat  developed  during  the  union  of  acids  and  bases 
is  determined  hy  the  base  and  not  by  the  acid.  The  follow- 
ing special  laws  will  be  found  to  comprehend  the  greater 
number  of  cases  of  chemical  action  to  which  the  foregoing 
principle  can  be  made  to  apply  :— 

1.  An  equivalent  of  the  same  base,  combined  with 
different  acids,  produces  nearly  the  same  quantity  of 
heat. 

2.  An  equivalent  of  the  same  acid,  combined  with 
different  bases,  produces  different  quantities  of  heat. 

3.  When  a  neutral  salt  is  converted  into  an  acid  salt 
by  combining  with  one  or  more  equivalents  of  acid,  no 
disengHgement  of  heat  occurs. 

4.  When  a  double  salt  is  formed  by  the  union  of  two 
neutral  salts,  no  disengagement  of  heat  occurs. 

6.  When  a  neutral  salt  is  converted  into  a  basic  salt, 
the  combination  is  accompanied  by  the  disengagement 
of  heat. 

6.  When  one  and  the  same  base  displaces  another  from 
any  of  its  neutral  combinations,  the  heat  evolved  or 
absorbed  is  always  the  same,  whatever  the  acid  element 
maybe. 

1374.  As  some  of  the  bases  (potash,  soda,  baryta,  and 
Btrontia)  form  what  we  may,  nerhaps,  designate  an 
isothermal  grouo,  such  bases  will  develop  the  same,  or 
nearly  the  same  neat  in  combining  with  an  acid,  and  no 
heat  will  be  developed  during  their  mutual  displacements. 

*  Dr.  Andrewi'  "  Report  on  the  Beat  of  CombiiiAtioii,"  in  the  Uepwrt  of 
ike  BrUish  Js$oeiation  for  1849. 
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1375.  The  base  Dr.  Andrews  employed  for  displtdii^ 
the  others  was  the  hydrate  of  potash  in  a  state  of  dHaie 
solution  of  known  strength.  Tne  changes  of  temperature, 
referred  to  1,000  parts  of  water,  were  found  to  be,  vilk 
salts  of 

Lime     -  -  -— 0*36**  Oxide  of  zinc           - +1'7I' 

Baryta  -  -  -      O'O  Protoxide  of   mer- 

Strontia  -  -      00  cnry  -        -         -  -f  IK 

Soda      -  -  -4-008  Protoxide  of  lead    -+2^ 

Ammonia  -  -  -f  0'7-i  Protoxide  of  copper  -f  3tX) 

Manganese  -  -  +  1*07  Oxide  of  silver         -  -f  3*93 

Protoxide  of  iron   -  4"  1"60  Peroxide  of  iron     -  +  4-09 

1376.  The  above  laws  are  not  intended,  Dr.  Andrews 
observes,  to  embrace  the  thermal  changes  which  ooeoc 
during  the  conversion  of  an  anhydrous  acid  and  base  into 
a  crystalline  compound.  The  steps  by  which  such  a  conve^ 
sion  is  effected  are  generally  very  complicated,  and  involve 
successive  combinations  and  decompositions.  We  cuino6 
combine,  at  ordinary  temperatures,  a  dry  acid  and  a  dry 
base;  and  when  combination  takes  place  in  presence 
of  water,  hydrates  of  the  acid  and  base  are  first  formed, 
which  are  afterwards  decomposed,  and  the  cryatalline  salt 
finallv  obtained  is  sometimes  anhydrous,  sometimes  com- 
bined with  water.  To  expect  simple  results  where  so  manj 
different  actions  must  produce  each  its  proper  therm»l 
effect  would  be  altogether  vain ;  and  to  introduce  the 
consideration  of  some  of  these  actions  without  the  whole, 
would  only  render  the  numbers  empirical.  In  the  experi- 
ments from  which  the  foreeoing  laws  were  deduced,  the 
acids  and  bases  before  conioination,  and  the  compoiuidi 
after  combination,  were  as  nearly  as  possible  in  the  same 
physical  state.  The  only  change  which  occurred  was  tbe 
combination  of  the  acid  and  base,  and  the  heat  evolved 
must,  therefore,  have  arisen  from  the  act  of  combination' 
Such  changes  of  temperature  as  are  prodaced  by  solution 
are  not  in  any  way  concerned  in  producing  these  thermal 
effects,  as  none  of  the  reacting  bodies  assumed  at  anj 
time  the  solid  state.  The  insoluble  bases  form,  it  is  traei 
an  unavoidable  exception  to  this  statement,  and  in  the 
experiments  with  them  the  results  would  require  to  be 
corrected  for  the  heat  due  to  the  change  of  the  base  fioB^ 
the  solid  to  the  fluid  state.    As  this  correction,  however, 
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alihoueh  unknown,  must  be  a  constant  quantity  for  the 
same  base,  it  would  not,  if  applied,  interfere  with  the 
direct  proof  of  the  first  law. 

1377.  Metallic  subsiitutums, — The  j|;eneral  result  of  Dr. 
Andrews'  inyestigation  on  metallic  substitutions  may  be 
thus  expressed : — "  When  anequivalent  of  one  and  the  same 
metal  replaces  another  in  a  solution  of  any  of  its  salts  of 
the  same  order,  the  heat  developed  is  always  the  same ; 
but  a  change  in  either  of  the  metals  produces  a  different 
development  of  heat."  This  is  evidently  an  analogous  law 
to  that  already  stated  for  the  thermal  changes  which 
accompany  basic  substitutions. 

1378.  "  The  following  are  the  numbers  given  by  An- 
drews, but  he  has  purposely  abstained  from  any  attempt 
to  deduce  from  them  the  amount  of  heat  developed  dur- 
ing the  indirect  oxidation  of  the  metal  which  acts  as  the 
precipitant : — 

2\ihle  of  heat  evolved  during  metallic  precipitations. 


Class   of  salts    used,    and 
metals  employed  for  pre* 

Kame  of 

precipitated 

metaL 

Unita  of  heat 
evoWed    by 

EST" 

n 

Si 

llh 

'4 

m 

Salts  of  copper  by  zino  - 
Salts  of  copper  by  iron  - 
Salts  of  copper  by  lead  - 
Salts  of  silver  by  zinc  - 
Salts  of  silver  by  oopper 
Salts  of  lead  by  zino     - 
Salts  of  meroniy  by  zino 
Salts  of  platinum  by  zino 

Copper 

Copper 

Copper 

Silver 

Silver 

Lead 

Mercury 

Platinum 

866 
592 
268 
426 
161 
182 
333 
899 

27,452 
18,736 
8,488 
45,976 
17,408 
18,856 
33,328 
88,680 

Zinc 
Iron 
Lead 
Zinc 

Zinc 
Zinc 

847 

677 

82 

1,420 

549 

585 

1,034 

2,750 

1379.  *'  If  the  metals  be  arranged  in  a  list,  beginning 
with  those  which  emit  the  largest  amount  of  heat  when 
used  as  precipitates,  the  order  m  which  they  will  stand  is 
the  following :— Zinc,  iron,  lead,  oopper,  mercury,  silyer, 
and  platinum.  Now  it  will  be  remarked  that  this  is 
exactly  in  the  electro-chemical  order,  zinc  being  the  most 
electro-positive,  and  platinum  the  most  electro -negative. 
Another  interesting  point  of  coDnection  between  the 
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thermal  and  the  electrical  phenomena  exhibited  bf  ihe 
metala,  is  to  be  obierved  in  the  fact  that  the  nature  of  the 
acid  contained  in  the  salt  which  is  undergoing  deoonpe- 
sidon  does  not  influence  either  its  thermal  equivaleiit  or 
the  electro-motile  force  which  it  exerts  when  emplojed  ia 
Ihe  production  of  Toltaio  action. 

1380.  "Another  remarkable  conclusion  has  been  de- 
duced by  Andrews  irom  these  experiments : — If  three 
metals.  A,  B,  and  C,  be  so  related  that  A  is  capable  of  dis- 
placing B  and  C  from  their  combinations,  and  B  be  abo 
oapab&  of  displacing  C,  the  heat  developed  by  tiie  subeti- 
tution  of  A  for  C  will  be.  exactly  equal  to  that  dereloped 
in  the  substitution  of  A  for  B,  together  with  that  deve- 
loped in  the  substitution  of  B  for  C.    Thus, — 

Heat  imifa. 

'    1  equivalent  of  lead  displaced  by  zinc  =  18,856 
1  equivalent  of  copper  by  lead  -        -  =    8,488 

1  equivalent  of  copper  by  zinc  -        -  =  27,344 

The  experimental  number  being        -        27,452 

1381.  "An  analogous  phenomenon  is  observed  in  the  elee- 
trical  relations  of  the  metals.  When  three  metals,  auch 
as  platinum,  zinc,  and  potassium,  are  arranged  two  and 
two  in  their  electrical  order,  the  electro-motive  force 
generated  between  the  two  extremes,  platiDum  and  potas- 
sium, is  eqtial  to  the  sum  of  the  electro-motive  forces  of 
the  pairs^latinum  and  zinc  and  zinc  and  potassium/'* 

ldS2,  Heat  is  evolved  in  the  combination  of  acids  with 
water ;  the  greatest  amount  of  heat  is  developed  in  the 
combination  of  the  acid  anhydride  with  water ;  the  heat 
decreases  as  the  acid  combines  with  each  additional  atom 
of  water.    Thus,— 

Units  of  heat. 

S  O,  gives  with  HO  -  -  -  12,432 

HO,  SO,         „         HO  -  .  -    3,108 

2H0,  SO,         „         HO  -  -  .    1,664 

3H0,  SO,         „      3H0  .  .  -    1,654 

6H0,  SO,        „       a?HO  -  -  -    1,564 

1383.  When  a  gas  dissolves  in  water  heat  is  evolved, 

•  Maier  •  "  BleznentB  of  Chemittzy,"  8rd  vol. 
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partly  in  eonseqnence  of  the  chemical  combination,  and 
partly  in  consequence  of  the  condensation  of  the  gas. 

1384.  If,  on  the  solution  of  a  salt  or  other  solid  com- 
pound in  water,  combination  takes  place  between  the 
compound  and  some  of  the  water,  heat  is  deyeloped ;  but 
if  no  combination  takes  place,  the  solution  is  generally 
attended  with  a  reduction  of  temperature,  owins  to  heat 
being  absorbed  in  the  passage  from  the  solid  to  me  liquid 
state.  Anhydrous  chloride  of  calcium  combines  with 
water,  forming  the  hydrate,  Ca  CI  -f  6  H  O,  the  combina* 
tion  being  attended  with  great  evolution  of  heat ;  but  the 
solution  of  the  hydrate  in  water  produces  cold. 

1386.  Combustion  ofpohftnerie  compounds. — 1  gramme  of 
marsh  gas  evolved  13,063  heat  units.  Compounds  of  the 
fonnula  n  (d  H,)  gave  the  following  values : — 

Heat  unite. 
defiant  gas         C4  H4  -        -        -        -  11,868 
Amylene  C,oHio-        -        -        -11,491 

Paramylene  C„H„-  -  -  -  11,303 
The  compound  C«H„-  -  -  -11,262 
Cetene  C3,H„-        -        .        -11,078 

Metamylene        C^o  H^  -        -        -        -  10,928 

1386.  From  this  table  it  will  be  seen  that  the  heat  of 
combustion  diminishes  the  oflener  the  group  of  atoms, 
C,  Ha,  enters  into  the  compound.  Favre  and  Silbermann 
infer  that  each  addition  of  Cs  H,  causes  a  decrease  of  37'5 
beat  units.  Calculating  the  heat  of  combustion  of  olefiant 
gas  in  this  way,  we  find  that  it  differs  from  the  experi- 
mental result ;  but  this  is  explained  by  the  fact  that  the 
calculation  is  based  upon  data  afforded  by  the  combustion 
of  liquids,  and  consequently  the  quantity  of  heat  required 
to  retain  the  compound  in  the  gaseous  state  ought  to  be 
added. 

1387.  CombuHion  qf  ethers  and  alcohols, — Common  ether 
evolved  9027*6  heat  units  ;  amy  lie  ether,  10188 ;  methylic 
alcohol,  6307'1 ;  common  alcohol,  7183*6 ;  amylic  alcohol, 
8968*6 ;  and  cetylio  alcohol,  10629*2.  From  these  data 
a  table  has  been  constructed  for  the  yarious  bodies  of  the 
8erie8n(C,H,)-f  2H0. 

1388.  Combustion  of  the  fatty  acids.  —  Formic  acid 
evolyed  2091;  acetic  acid,  3606*2;  butyric  acid,  66470; 
yalerianic  acid,  6439*0;  cetylic  acid,  9316*6;  stearic 
acid,  9716*6.    From  these  data  a  table  has  been  oon- 
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Btructed  for  this  class  of  bodies,  the  general  formula  for 
which  may  be  represented  n  (CsHs)  -f  O4. 

1389.  Combustion  qf  the  compound  ethers, — ^We  "will 

SVe  the  results  obtained  br  the  combustion  of  some  of 
lese  bodies: — Formiate  or  methyl  evolved  4197*4;  ace- 
tate of  methvl,  53420;  formiate  of  ethyl,  6278-8;  acetate 
of  ethyl,  62927  ;  butyrate  of  methyl,  67915 ;  batTiafce 
of  ethyl,  7090*9.  These  bodies  may  be  represented  hj 
the  general  formula  n  (Cs  H,)  +  O4 ;  they  are  isomede 
with  the  fatty  acids.  The  student  will  see,  from  a  com- 
parison of  the  number  of  heat  units  evolved  by  thia  and 
the  preceding  class,  that  bodies  isomeric  in  oompooition  do 
not  evolve  equal  quantities  of  heat  in  combustion.  This 
conclusion  is  confirmed  by  the  following  examples : — 

Compound.  HeatofoomlMuitian. 

Terebene  C»H„       -        -        -  10.662 

OU  of  turpentine    C„Hi.       -        -        -10,852 
Oil  of  lemons         C„ILu       -        -        -10,959 

1390.  Several  of  the  preceding  examples  have  shown 
that  the  calorific  power  of  a  substance  is  not  always  the 
mean  of  that  of  its  elements ;  we  find  it  is  not  the  mean 
in  marsh  gas,  but  that  it  is  nearlv  the  mean  in  olefiant 
gas :  thus,— The  calorific  power ^of  marsh  fiSB  by  its  com- 
bustion in  oxygen  was  found  to  be  13,063.  Now  the 
relation  in  weight  between  the  carbon  and  hydro^n  in  this 
compound  is  as  3  :  1.  If,  therefore,  its  calorific  power 
were  the  mean  of  that  of  its  elements,  the  number  would 
be  (8080  X  3  +  34462)  -5-  4  =  146755.  The  calorific 
power  of  olefiant  gas  was  found  to  be  11857*8.  Now  the 
relation  in  weight  between  the  carbon  and  hjdrogen  in 
this  compound  is  as  6  :  1.  If,  therefore,  its  cuorifio 
power  were  the  mean  of  that  of  its  elements,  the  number 
would  be  (8080  x  6  -f  34462)  ^  7  =  11848-8. 

1391.^  Cold  produced  by  chemical  decomposiiian. — As 
heat  is  evolved  in  the  combination  of  bodies,  we  should 
naturally  expect  that  there  would  be  an  absorption  of 
heat  in  the  decomposition  of  bodies.  This  is  found  to  be 
the  case,  although  there  appears  to  be  some  exceptions, 
which  we  shall  presently  notice.  It  is  fotmd  that  *'  the 
separation  of  any  two  bodies  is  attended  with  the  ahsorptum 
qfa  quantity  of  heat  equal  to  that  which  is  evolved  in  their 
combination,"    The  truth  of  this  proposition  has  been 
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eBtabliahed  by  Dr.  Woods*  and  Mr.  JoTile,t  by  com- 
paring the  heat  evolved  in  the  electrolysis  of  water  with 
that  which  is  developed  in  a  thin  metallic  wire  by  a 
current  of  the  same  strcDgth.  The  current  was  first  made 
to  pass  through  a  vessel  containing  acidulated  water,  the 
quantity  of  gas  evolved  in  a  given  time  determined,  and 
also  the  rise  of  temperature,  the  strength  of  the  current 
being  at  the  same  time  measured  by  the  tangent  compass. 
The  electrolytic  cell  was  then  removed,  and  a  thin  pla- 
tinum wire  introduced  between  the  poles,  of  such  a  length 
as  to  produce  a  resistance  equal  to  that  of  the  electrolyte. 
The  quantity  of  heat  evolved  in  this  wire  was  then  deter* 
mined,  and  found  to  exceed  that  which  was  previously 
evolved  in  the  electrolytic  cell  by  a  quantity  equal  to 
that  which  would  be  evolved  in  tne  combination  of  the 
oxygen  and  hydrogen  eliminated  by  the  current  in  the 
previous  experiment. 

1392.  "Tne  same  ])roposition  is  likewise  established 
by  many  other  chemical  phenomena.  When  zinc  dis- 
solves in  dilute  sulphuric  acid,  the  action  may  be  sup- 
posed to  consist  of  three  stages,  viz.,  the  decomposition  of 
water,  the  formation  of  oxide  of  zinc,  and  the  combi- 
nation of  the  oxide  of  zinc  with  sidphuric  acid,  forming 
ZnO,SO,.    Now,— 

Heat  anits. 

The  heat  evolved  in  the  oxidation  of  1  atom 
or  32*6  parts  of  zmc        -        •        -        -  =  42,413 

The  heat  evolved  in  the  combination  of  1 
atom  or  40*6  parts  of  oxide  of  zinc,  with 
sulphuric  acid,  in  presence  of  a  large 
quantity  of  water =  10,455 

52,868 
Deducting  from  this  the  heat  evolved  in  the 
combination  of  1  atom  or  1  gramme  of 
hydrogen  with  oxygen    -        -        -        -  =  34,462 

There  remains  for  the  heat  evolved  in  the 

entire  process 18,406 

which  agrees  very  nearly  with  the  quantity  determined 
by  direct  experiment,  viz.,  18,514  heat  units. 

•  PhU.  Mag.  [4],  ii.  388.  f  Phil,  Mag.  [4],  iii.  481. 
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1393.  "Aeain,  when  metallic  oxides  are  redaoed  bj 
hydrogen,  the  heat  evolved  is  not  bo  great  as  when  tiie 
same  quantity  of  hydrogen  combines  with  oxygen,  he- 
cause  it  is  diminished  by  the  heat  absorbed  in  the  sepa- 
ration of  the  oxygen  and  the  metal. 

1394.  "The  reduction  of  oxide  of  iron  by  hydrogea 
takes  places  without  much  evolution  of  heat,  oecause  the 
heat  evolved  in  the  combination  of  1  gramme  of  oxygen 
with  hydrogen,  viz.,  4,308  heat  units,  is  not  mnch  greater 
than  mat  which  is  evolved  when  the  same  quantity  of 
oxygen  combines  with  iron,  viz.,  4,134  heat  uAita.  But 
^.he  reduction  of  oxide  of  copper  ia  attendant  with  a  rise 
)f  temperature  amounting  to  incandescence,  because  the 
leat  evolved  in  the  oxidation  of  hydrogen  greatly  exceeds 
jhat  which  is  evolved  in  the  oxidation  of  copper,  which  is 
only  2,393  heat  units. 

1395.  "  The  absorption  of  heat  in  decomposition  ib  also 
demonstrated  by  the  fact  that  no  alteration  of  tempe- 
rature takes  place  in  the  double  decomposition  of  salts, 
provided  all  tne  products  remain  in  solution ;  in  fact,  the 
neat  evolved  in  the  combinations  is  exactly  compensated 
by  the  cold  produced  by  the  decompositions  which  take 
place  at  the  same  time ;  but  if  a  precipitate  is  formed,  heat 
is  evolved,  in  consequence  of  the  passage  of  the  compound 
from  the  liquid  to  the  solid  state."* 

1396.  We  will  now  notice  some  exceptions  to  the  role 
that  heat  is  always  absorbed  in  chemical  decomposition. 
In  the  decompositions  of  some  of  the  oxides  of  chlorine, 
and  of  the  chloride  and  iodide  of  nitrogen,  heat  is  evolved. 
Heat  is  also  evolved  in  the  decomposition  of  peroxide  of 
hydrogen,  and  of  gun  cotton ;  and  r  avre  and  bilbermann 
found  that  when  carbon  is  converted  into  carbonic  aoid 
by  burning  it  in  protoxide  of  nitrogen,  more  heat  is 
evolved  than  by  its  combustion  in  pure  oxygen.  Thus 
its  calorific  power  by  combustion  in  the  former  gas  was 
found  to  be  1,115,  or  3,078  in  excess  of  8,080,  its  calorific 
power  when  burned  in  oxygen ;  they  therefore  draw  the 
conclusion  that  a  large  amount  of  heat  is  evolved  in  the 
separation  of  the  protoxide  into  its  elements.  They  esti- 
mate the  amount,  from  the  experiment  just  described,  to 


•  Graham's  "  Chemirtry,"  roL  il,  edited  Vj  Watta. 


J 


GALORIFIO  IJ7TBNSITY.  621 

be  1,158  unite  far  a  quantity  of  the  compound  which 
contains  1  gramme  of  ozvgen. 

1397.  Calorific  intenstt^.—We  have  seen  (1287)  that 
thermometers  measure,  not  the  amount  of  heat,  but  its 
intensity;  in  other  words,  the  temperature;  and  that 
these  instruments  can  only  be  employed  to  measure  tem- 
peratures under  6(X)*'F.  To  measure  temperatures  higher 
than  this,  instruments  termed  pyrometers  are  employed  * 
but  these  instruments,  owing  to  their  imperfections,  are 
rarely  if  ever  employed  in  practice.*  We  are  obliged, 
therefore,  to  have  recourse  to  the  elementary  composition 
of  fuel  to  determine  its  pyromeirical  heaivng  effect,  or  as 
it  is  also  Darned,  its  calorific  intensity, 

1398.  The  absolute  heating  power  of  combustible  sub- 
stances has  been  determined,  we  have  seen,  by  observing 
the  amount  of  heat  they  respectively  communicate  to  a 
^ven  amount  of  water.  The  pyrometrical  heating  effect 
18  obtained  by  the  transference  of  the  heat  to  the  com- 
bustion products.  The  difference  between  the  calorific 
power  and  the  calorific  intensity  will  perhaps  be  more 
clearly  seen  if  we  illustrate  the  difference  by  examples. 
The  calorific  power  of  carbon  is  8,080 ;  in  other  words, 
the  heat  generated  during  the  combustion  of  1  part  of 
carbon  will  raise  8,080  parts  of  water  V  C,  or  will  heat  1 
part  of  water  from  0^  to  8,080°  C,  or  will  raise  3*67  parts 

of  water  from  0°C.  to  ^  =  2202.    Now  367  parts  of 

carbonic  acid  are  produced  by  the  combustion  of  one  part 
of  carbon ;  and  if  the  heat  produced  by  the  combustion 
be  transferred  to  the  carbonic  acid,  and  not  to  water, 
the  temperature  of  the  carbonic  acid  would  be  2,202  if  its 
specific  heat  were  the  same  as  that  of  water;  but  this  is 
not  the  case.  The  specific  heat  of  carbonic  acid  is  0*2164^ 
taMng  water  as  unity ;  the  temperature  of  the  car- 
bonic acid  will  consequently  be  in  the  inverse  ratio,  or 


*  M.  Begnaxat,  in  the  Amud  d«  Ckimie  et  d«  Fkytiqut  for  1861,  desoribM 
a  gM  fhexmometer  or  p^rrometer  for  meunring  aooorately  ]nA  tempe- 
ratores.  He  statea  that  it  requires  yerj  little  time  for  deteimining  tempe- 
ratures bj  means  of  it ;  and  that  after  one  obserration  has  been  made,  the 
instrument  is  adapted  immediatelj  for  recording  another.  It  is  therefore 
_.  1.  _* *v :-ui^  M. * *  *v^  g^jjj^  ftumace.    M. 

i  temperature  of  the 
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- -^^  =  10175'5 ;  this  is  the  pyrometrical  heating  power, 
0*2164 

or  calorific  intensity  of  carbon  when  bnmt  in  oxygen  gat. 
The  calorific  intensity  of  a  simple  combustible  bodff  u 
obtained  by  dividing  %ts  calorific  power  by  the  pradmei  ^ 
the  relative  weight  of  its  combustion  product  into  the  spee^ 
heat  qf  that  product, 

1399.  In  determining  the  calorific  power  of  hydrogeo, 
the  compound  (water)  produced  is  in  the  state  or  Tapour, 
but  becomes  condensed ;  the  heat  estunated  in  the  calori- 
meter is  therefore  the  heat  of  combination  plus  the  latent 
heat ;  but  in  determining  the  calorific  intensity,  the  latent 
heat  has  to  be  deducted.  The  calorific  power  of  carbon 
is  8,080;  that  of  hydrogen,  33,808:  but  the  calorific  in- 
teusity  of  carbon  is  101737 ;  whilst  the  calorific  intensi^ 
of  h^droeen  is  only  6777*7.  The  reason  of  carbon  ex- 
ceeding hydrogen  m  calorific  intensity,  is  due  to  two 
causes, — 1st,  the  specific  heat  of  aqueous  Tapour  is  about 
twice  as  great  as  that  of  carbonic  acid;  2nd,  1  part  of 
hydrogen  produces  9  parts  of  water,  whilst  1  part  of 
carbon  produces  only  3*67  parts  of  carbonic  acid ;  and  to 
these  two  causes  must,  under  certain  circumstancea,  be 
added  a  third,  yiz.,  the  latent  heat  carried  off  by  the 
steam.  We  find  their  calorific  intensity  in  the  following 
manner : — 

QQQQ        __  10173-7  calorific  inteusity  of  carbon 
8*67  X  0  2164  in  oxygen  gas. 

33808  —  (537  x  9)  __  ^77^.7  calorific  intensity  of  hy- 
9  X  0*477  drogen  in  oxygen  gas. 

When  the  fuel  or  combustible  substance  is  employed  for 
temperatures  higher  than  100^  C,  the  water  produced  by 
the  combustion  will  escape  as  steam ;  the  latent  heat  of 
the  steam  will  not,  imoer  such  circumstances,  become 
ayailable;  it  therefore  diminishes  the  arailable  heating 
power  of  the  fuel,  and  must  consequently  be  deduoteo. 
The  total  heat  of  steam  at  100^  C.  is  637,  but  this  includes 
the  heating  of  the  water  from  0**  to  100° ;  as  the  tempe- 
rature can  never  be  below  100°  C,  the  actual  amount  of 
heat  carried  off*  by  the  steam  must  be  637  — 100= 537. 

1400.  The  calorific  power  of  a  substance  is  the  same, 
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whether  burnt  in  ipire  oxygen  or  in  atmospheric  air ;  but 
the  calorific  intensity  is  much  greater  when  the  substance 
is  burnt  in  oxygen  gas  than  when  burnt  in  atmospheric 
air,  because  the  nitrogen,  which  takes  no  part  m  the 
combustion,  absorbs  a  certain  amount  of  heat,  and  thus 
lowers  the  temperature.  The  calorific  intensi^  of  a 
simple  combustible  in  air  is  therefore  obtained  by  myiding 
its  calorific  power  by  the  sum  of  the  products  of  the 
relative  weight  of  its  combustion  product  into  its  specific 
heat,  and  the  product  of  the  weight  of  nitrogen  (in  the  air 
required  for  tbe  combustion  of  the  substance)  into  its 
specific  heat.  We  find,  for  example,  the  calorific  intensity 
of  1  part  of  hydrogen,  when  burnt  in  air,  in  the  following 
way : — ^As  8  parts  of  oxygen  are  contained  in  84*63  parts 
of  air,  that  quantity  of  air  will  be  required  for  the  com- 
bustion of  1  part  of  hydrogen,  and  in  that  quantity  of  air 
there  is,  of  course,  26*63  parts  of  nitrogen.  We  conse- 
quently multiply  this  quantity  of  nitrogen  by  the  specific 
heat  01  nitrogen,  which  is  0*244,  and  add  the  product  to 
the  product  obtained  by  multiplying  the  weight  of  the 
combustion  product  of  hydrogen  into  the  specific  heat  of 
that  product,  and  divide  the  number  representing  the 
calorific  power  of  hydrogen,  minus  the  latent  heat  of 
steam,  by  this  sum :— 

33808  — (537X9)         _ 

9  X  0-475  +  26-63  X  0244  " ^^^'^ 


EXBBCI8B8. 

205.  Determine  the  calorific  intensity  of  1  part  of 
carbonic  oxide  when  burnt  in  pure  oxygen  gas. 

206.  Determine  the  calorinc  intensity  of  1  part  of 
carbon  when  burnt  in  atmospheric  air.* 

207.  Determine  the  calorific  intensity  of  1  part  of 
carbonic  oxide  when  burnt  in  atmospheric  air. 

1401.  The  student  will  learn,  from  exercises  206  and 
207,  that  the  calorific  intensity  of  carbonic  oxide  is  greater 
than  even  that  of  carbon,  when  they  are  burnt  in  atmo- 

*  The  student  ahoold  oontnut  the  differenoe  between  the  caloriflo  intensity 
of  carbon  and  hydrogen,  when  burnt  in  oxygen  gas,  and  their  differenoe 
when  burnt  in  air. 
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tplierio  air ;  this  may  at  first  appear  to  him  paradoml 
but  if  he  will  contrast  the  calorific  intensities  of  these  tvo 
substaneea  when  they  are  burnt  in  oxygen,  he  will  see 
that  it  ia  due  to  the  leaser  amount  of  air  the  earbome 


oxide  requires  for  ita  combustion.  The  probable  : 
why  there  is  not  a  greater  difierence  between  the  caloifie 
intensities  of  earbon  and  carbonic  oxide  when  th^  tn 
burnt  in  oxygen  gas  is  given  in  par.  1371. 

1402.  The  stodent  will  see,  firom  the  exercises  sod 
examples,  that  the  difi*erence  in  the  calorific  intensitjof 
carbon  and  hydrogen  is  not  so  great  whan  those  lab- 
stances  are  burnt  in  air  as  when  uiey /are  burnt  in  poR 
oxygen  gas ;  but  even  in  air  the  pyrometrical  heraof 
power  of  carbon  is  greater  than  that  of  hydrogen,  oo]Ia^ 
quently  the  greater  the  quantity  of  carbcni  in  a  Aid  the 
greater  the  calorific  intensity  of  the  fuel. 

1403.  In  substances  containing  oxygen,  it  ia  necesssiy 
to,deduct  from  the  total  quanti^  of  hydrogen  the  qvxBf 
tity  necessary  to  combine  with  the  ox^rgen  in  the  subsiaaee, 
and  to  account,  as  available  for  raising  the  temperature, 
only  tJie  remaining  hydrogen  with  the  carbon ;  uie  quan- 
tity of  water  which  is  formed  by  the  combustion  of  the 
hydroffen  by  the  oxygen  in  the  fuel,  as  well  as  that 
formed  by  the  combustion  of  the  hydrogen  by  the  oxygen 
of  the  air,  will  require  to  be  evaporate(^  and  will,  tnae- 
fore,  diminish  the  available  heat. 

BXBBCISES. 

208.  Calculate  the  calorific  intensity  of  ether  (C«H|0) 
in  oxygen  gas  and  in  atmospheric  air. 

209.  Calculate  the  calorific  intensity  of  alcohol  (C4  H»0, 
H  O)  in  oxygen  gas  and  in  atmospheric  air. 

1404.  The  pyrometrical  heating  effect  of  any  other  Iczn^ 
of  combustible  or  fuel,  however  numerous  its  constituents 
may  be,  is  ascertained  in  the  same  way,  viz.,  by  finding  the 
absolute  heating  power  in  the  way  alreadj  made  known, 
and  dividing  it  by  the  sum  of  the  specifio  heat  of  the 
products  of  combustion,  multiplied  by  their  total  weightSf 
and  the  product  of  the  weight  of  nitrogen  (in  the  air 
required  for  the  combustion  of  the  substance)  into  its 
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Specific  beat ;  the  quotient  will  be  the  available  beat  for 
any  particular  wori  wben  tbe  fuel  is  burned. 

SXBBCISXS. 

210.  A  caldn^  coal  from  Nortbumberland  was  found  to 
have  tbe  following  per-centage  composition : — 

Carbon 80-64 

Hydrogen 4*76 

Oxygen 1470 

10000 
Determine  its  calorific  intensity  from  tbese  numbers. 

211.  A  non-caking  coal  from  Soutb  Staffordshire  was 
found  to  haye  the  foUowing  per-centage  composition : — 

Carbon 7846 

Hydrogen 4'96 

Oxygen 1668 

100-00 
Determine  its  calorific  intensity  from  these  numbers. 

212.  Anon-caking  coal  from  Dowlais,  South  Wales,  was 
found  to  have  the  following  per-centage  composition : — 

Carbon 9164 

Hydrogen       ------  4*64 

Oxygen 264 

Nitrogen 1-18 

100-00 
Determine  its  calorific  intensity  from  these  numbers. 

213.  A  cannel  coal  from  Tyneside  was  found  to  hare 
the  following  per-centage  composition : — 

Carbon 87*86 

Hydrogen 763 

Oxygen 2-63 

Nitrogen 208 

10000 
Determine  ita  calorific  intensity  from  these  numbers. 
2  8 
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the  total  theoretical  heating  power  of  tael  is  never  ob- 
tained in  practice.  Ist.  The  fbel  is  scarcely  ever  earn- 
pletelj  consumed,  a  part  escapes  combustion  by  passiii; 
off  in  the  form  of  combustible  gases  and  smoke,  and  anotbs 
part  remains  mixed  up  with  the  ash.  2nd.  There  is  IO0 
of  heat  from  radiation,  and  also  from  conduction  /  the  loe 
by  conduction  not  only  occurs  through  the  matter  fann- 
ing the  furnace,  but  also  by  means  ofthe  gaseous  curzent 
which  is  constantly  flowing  through  the  incandemseui  fiieL 
In  calculating  the  calorific  mtensity,  the  tkeoretiecU  cumomi 
of  air  required  for  the  comhuttion  qfthefltel  is  en^loyed, 
but  in  practice  this  is,  generally  speaking,  never  aoo<»i- 
plished,  for  it  requires,  in  order  to  approach  theory,  the 
most  favourable  circumstances, — such  as  properly  ar- 
ranged furnaces,  the  adjustment  of  the  fuel,  and  dr&usht 
of  air  passing  through  the  fire ;  this  latter  requires  Ma& 
and  constant  attention  on  the  part  of  the  fireman ;  gene- 
rally too  mudi  air  is  allowed  to  pass  through  the  fiie, 
which  increases  the  loss  of  heat  \  and  the  loss  ftom  this 
cause  is  greater  than  is  generally  su])posed. 

1410.  "  In  calculating  the  theoretical  temperature  it  is 
presumed  that  the  oxygen  of  the  air  is  in  contact  with 
every  particle  of  the  mel  during  ignition.  Could  the 
same  condition  be  iosured  in  the  fimiace,  it  is  evident 
that  the  great  desideratum  required  in  combustion  would 
be  attained;  no  escape  of  combustible  gas  could  then 
ensue,  nor  of  the  carbonaceous  particles  wnich  give  to  the 
gases  passing  up  the  chimney  the  character  of  smoke; 
and  the  greatest  fjossible  heat  arising  from  the  burning  of 
the  substance  in  air  would  be  developed.  Indeed,  nothing 
would  be  wanting  to  extract  from,  the  fuel  the  benefit  ^ 
its  total  theoretical  heating  power,  but  such  an  arrange- 
ment of  the  furnace  as  would  perfectly  utilize  the  calorie 
so  produced.  No  one,  however,  who  nas  any  experience 
as  to  the  manner  in  which  the  fire  is  managed  in  the 
ordinary  kinds  of  furnaces,  will  hesitate  to  assert  that  the 
above  conditions  are  never  supplied."* 

1411.  The  time  required  for  the  combustion  ofthe  fuel, 
and,  consequently,  for  the  evolution  of  heat,  depends 
upon  its  state  of  division  and  aggregation,  and  also  upon 
its  chemical  composition.    If  the  fuel  be  thrown  on  the 

*  MoBpntt's  "Applied  CfasnuMzy." 
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fire  in  large  pieces,  it  bums  slowlj,  and  a  large  proportion 
of  the  heat  generated  is  absorbed.  If  it  be  wood  that  is 
employed,  and  instead  of  being  bnmt  in  the  form  of  larse 
logs,  it  be  first  divided  into  shavings,  the  combustion  will 
be  so  rapid  that  a  large  proportion  of  the  heat  will,  for  all 
useful  purposes,  be  lost.  This  arises  from  the  greater 
fieu^ility  with  which  the  air  comes  in  contact  with  it,  when 
in  the  form  of  shavings.  If,  however,  the  fragments  are 
Btill  further  reduced  in  size,  the  smallness  of  the  particles, 
and  the  close  contact  existing  between  them,  excludes  the 
entrance  of  the  necessary  supply ;  and  for  tins  reason  it  is 
extremely  difScult  to  obtain  any  available  heat,  either 
from  sawdust,  or  very  finelv-divided  coal.  But  in  deter- 
inining  the  value  of'^a  fuel,  not  only  must  the  state  of 
division,  but  also  the  state  of  aggregation  be  taken  into 
account;  thus,  "particular  quaiuties  of  charcoal,  coke, 
and  anthracite  may  have  the  same  calorific  power,  and  yet 
differ  remarkably  in  their  manner  of  burning.  Of  the 
three,  charcoal,  being  verv  light  and  porous,  ignites  most 
easily,  and  in  a  given  volume  contains  the  least  combus* 
tible  matter ;  ana  accordingly,  imder  the  same  conditions, 
it  is  most  quickly  consumed.  Coke  also  contains  less  com- 
bustible matter  in  a  given  volume,  and,  except  when 
prepared  at  high  temperatures,  is  more  easily  ignited 
than  anthracite.  The  practical  effect  of  these  differences 
in  the  manner  of  burning  will  be  weU  understood  by 
experimenting  on  these  tl^ee  kinds  of  fuel  in  a  conmion 
easting  furnace  about  one  foot  square  and  from  two  to 
three  feet  deep.  If  an  attempt  is  made  to  heat  a  larse 
crucible  in  such  a  fiimace  by  means  of  anthracite,  it  will 
be  found  that  the  bottom  becomes  heated  to  whiteness 
before  the  top  is  hardlj  red-hot ;  whereas,  by  the  use  of 
coke,  the  temperature  is  not  so  excessive  at  the  bottom, 
but  is  more  equally  diffused  through  the  furnace.  The 
effect  of  anthracite  as  a  fuel,  is  the  rapid  production  of  an 
intense  heat  confined  to  a  space  not  extending  beyond  a 
few  inches  above  the  bars."  * 

*  It  18  obTiou  that,  on  this  •oooont,  uitlmaite  is  not  adapted  as  a  fnel  for 
ordinarj  steam-boiler  ftimaces ;  bat  by  the  following  simpie  contriTance,  it 
may  be  adyantageonslr  employed  in  these  fomaoes.  llie  ash-pit  is  kept 
iUled  with  water,  and  deep,  fish-bellied  bars  are  nsed,  of  which  the  lowest 
parts  nearly,  if  they  do  not  aotually,  touch  the  water.  Steam  is  neoeuarilT 
'  evolved  flrom  the  snr&oe  of  the  water,  and  enters  the  fire  place  along  with 
the  atmospheric  air  which  sustaiiM  combustion.    On  passmg  tluraajpi  the 


636  DIFFUfllOH  OF  LXQUIB8. 

the  large  but  feeble  solubility  in  water  of  such  bodiei  m 
iodide  of  starch,  or  the  sulphind  jlate  of  potaali,  compend 
with  the  solubility  of  hydi^ochlorio  acid,  or  of  the  acetate 
of  potash,  which  kst  two  substances  are  capable  of  pnei' 
pitating  the  two  former,  by  displacing  them  in  solutioB. 
Witness,  also,  the  unequal  action  of  animal  cluunooal  it 
withdrawing  different  salts  from  solution,  although  the 
salts  are  equally  soluble ;  and  the  unej^ual  effect  npoa 
the  boiling  point  of  water  produced  by  dissolving  in  it  tlK 
same  weight  of  yarious  salts.  Besiaes  being  said  to  be 
small  or  great,  the  solubility  has  also  therefore  to  be 
described  as  weak  or  etrong.  It  becomes  a  question  hov 
far  these  gradations  of  intensity  are  de|>endent  upon  ia> 
equal  diffusibility ;  whether,  indeed,  rapidity  of  diffbsioa 
is  not  a  measure  of  the  force  in  question. 

1416.  As  liquid  diflfusion  has  been  compared  to  gaseooi 
difiusion,  it  is  necessary  to  notice  the  views  which  may  be 
taken  of  the  physical  agency  by  which  gaseous  difihaoa 
is  effected ;  two  views  may  1>e  taken,  each  equally  tenable, 
as  each  is  entirely  sufficient  to  explain  the  phenomena. 

1417.  On  one  theory,  that  of  Dalton,  the  diffusibility  of 
a  gas  is  referred  immediately  to  its  elasticity.  The  same 
spring,^  or  self-repulsion  of  its  particles,  whicdi  sends 
a  gas  into  a  vacuum,  is  supposed  to  propel  it  throogh 
and  among  the  particles  of  a  different  gas. 

1418.  The  existence  of  an  attraction  of  the  particles  of 
one  gas  for  the  particles  of  all  other  gases  is  assumed  in 
the  other  theory.    This  attraction  does  not  occasion  any 
diminution  of  volume  of  gases  on  mixing,  because  it  is  aa 
attraction  residing  on  the  surfaces  of  the  gaseous  mole- 
cules.   It  is  of  the  same  intensity  for  all  gases,  hence  iti 
effect  in  bringing  about  intermixture  is  dependent  upon 
the  weight  of  the  molecules  of  the  gases  to  oe  moved  by    ^ 
it,  and  the  velocity  of  diffusion  of  a  gas  comes  to  have  the    J 
same  relation  to  its  density  on  this  hypothesis  as  upon  the 
other.    This  assumption  of  surface  attraction  of  epaeom 
molecules  reminds  one  of  the  surface  attraction  of  Hquida, 
which  is  found  necessary  to  account  for  the  elevation  of 
liquids  in  tubes,  and  other  phenomena  of  capillary  attrac- 
tion. 

1419.  We  are  indebted  to  Mr.  Graham  for  a  minute 
investigation  of  the  phenomena  of  liquid  difiusion.  Qlie 
apparatus  he  employed  in  these  researches  consistod  of  s 
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set  of  phials  of  nearly  equal  capacity,  all  cast  in  the  same 
mould,  and  further  adjusted  by  grinding  to  a  imiform 
size  of  aperture.  The  dimen- 
sions for  a  phial  (Fig.  35) 
were  3*8  inches  in  height, 
with  a  neck  0-6  inch  in  depth; 
aperture,  1'25  inch  in  diame- 
ter ;  and  capacity  to  base  of 
the  neck,  2,080  grs.  of  water, 
or  between  4  and  6  ozs.  For 
each  phial  a  plain  glass  jar 
was  also  provided,  4  inches 
in  diameter,  and  7  inches  in 
depth.  The  method  of  ob- 
serving the  diffusion  of  a  salt  will  be  best  explained  by 
an  example. 

1420.  It  was  necessaiT,  Mr.  Graham  remarks,  to  ob- 
serve the  spontaneous  diffusion  into  pure  water  of  several 
salts,  already  dissolved  in  100  times  tneir  weight  of  water. 
The  phial  was  filled  with  such  a  solution  of  s^  ammoniac, 
for  instance,  to  the  base  of  the  neck,  or,  more  correctly, 
to  a  distance  of  exactly  0*5  inch  from  the  ground  surface 
of  the  lip.  The  neck  of  the  phial  was  then  filled  up  with 
distilled  water,  a  light  float  being  placed  on  the  surface  of 
the  solution,  and  care  taken  to  avoid  agitation  after  the 
phial  had  been  placed  within  the  jar.  The  latter  was 
then  filled  up  with  distilled  water,  so  as  to  cover  the  open 
phial  to  the  depth  of  an  inch,  which  required  about  20 
ounces  of  water.  The  saline  liquid  in  the  "  solution- 
phial"  is  thus  allowed  to  communicate  freely  with  the 
water  of  the  "  water  jar,"  which  is  about  five  times  its 
volume.  The  water  of  the  latter  forms  an  atmosphere 
into  which  salts  spread  or  diffuse,  escaping  from  the  solu- 
tion phial  with  different  degrees  of  velocity.  The  phial 
and  jar  together  form  the  "diffusion  cell."  The  diffusion 
is  interrupted  by  placing  a  small  plate  of  ground  glass 
npon  the  mouth  of  the  phial,  and  raising  the  latter  out  of 
the  jar.  The  amount  of  salt  diffused,  or  the  "  diffusion 
product,"  is  learned  by  evaporating  the  water  of  the  jar 
to  drpess,  or,  in  the  case  of  chlorides,  by  precipitating 
with  nitrate  of  silver ;  in  the  case  of  acids  the  quantities 
diffused  were  determined  bj  neutralizing  the  diffusion 
product  with  a  normal  alkalme  solution.    The  diffusion, 
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as  a  role,  was  allowed  to  proceed  for  a  period  of  serea 
days,  iLnd  the  temperature  of  the  room  in  which  the  expe- 
riments were  made  did  not  yary  more  than  one  degree  on 
either  side  60°  F. 

1421.  The  1  per  cent,  solution  of  sal  ammoniao,  in  the 
solution  phial,  would  contain  20'8  grains  of  aalt.    Of  this 

ritity  of  salt,  3*49  gprs.  were  found  to  diffuae  out  into 
water  jar  in  the  time  mentioned  in  one  experiment, 
and  3'36  ^.  in  another  experiment.  The  mean  of  these 
two  difiusion  products  is  3'42  grs.,  which  is  therefore  the 
quantity  of  cnloride  of  ammonium  diffused  out  of  the 
solution  phial,  containing  1  per  cent,  solution  of  that  salt, 
in  a  period  of  seven  days. 

1422.  The  difiusion  of  a  1  per  cent,  solution  of  chloride 
of  sodium  in  similar  circumstances  gave,  in  eight  oells, 
the  following  products :— 302,  2'83,  2*86,  268,  2-74,  2-70, 
2*80,  and  2  94  grs.,  of  which  the  mean  is  2*85  grs.  These 
results  for  the  chlorides  of  ammonium  and  sodium  approadi 
to  the  theoretical  ratio  of  1*4142  to  1*7320 ;  that  ia,  of  the 
square  root  of  2  to  tfie  square  root  of  3. 

1423.  Characters  qf  liquid  diffusion, — The  characteia  of 
liquid  difiusion  were  first  examined  hy  Mr.  Graham  in 
detail  in  the  case  of  chloride  of  sodium,  and  the  first 
question  he  proceeded  to  answer  experimentally  was  thii, 
—Do  difierent  proportions  of  chloride  of  sodium  in  solution 
give  oorreBponding  amounts  of  difiusion  P  Four  difiPerent 
solutions  of  common  salt  in  water  were  prepared,  con- 
taining respectively  1,  2,  3,  and  4  parts  of  salt  to  100 
parts  of  water.  In  eight  days'  time  the  quantities  difibsed 
were— in  the  first  solution,  2*78  f^n, ;  in  the  second,  6*54 
grs.,  or  just  double  the  amount ;  m  the  third,  8*37  gia.,  or 
wee  times  the  quantity ;  and  in  the  fourth,  11*11  m^  or 
almost  exactly  four  times  the  amount  difiused  irom  the  first 
solution.  The  quantities  difiused  appear,  therefore,  to  be 
closely  in  proportion  (for  this  sah)  to  the  quantity  of  salt 
in  the  difiusing  solution. 

1424.  The  next  question  which  Mr.  Graham  proceeded 
to  answer  experimentally  was  this, — ^Is  the  quantity  of 
siJt  difiused  i^ected  by  the  temperature  P  The  difiusioa 
of  similar  solutions  of  chloride  of  sodium  was  repeated  at 
two  new  temperatures, — 39^*6  and  67^,— the  one  above 
and  the  other  oelow  the  preceding  temperature  (62^*6.) 
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Pruportion  of  sftlt  to  100  wmter. 

In  grains. 

Bfttio. 

1.  at  39'''6    . 
*»>»»»■          •          • 

3,  ,t      M      - 

«»   »t      »      •        " 

1,  at  er*    . 

2,  „      „       - 

•'f   i>      »>       ■        "        " 

4,  „       1,       - 

2-63 

6-27 

7-69 

1000 

3-60 

6-89 

9-90 

13-60 

1- 
2- 

2-92 
3-80 

1- 

1-97 
2-83 
3-89 

The  proportionality  in  the  diffusion  is  still  well  pre- 
serred  at  the  different  temperatures.  The  deyiations  are 
indeed  little,  if  at  all,  greater  than  might  bo  occasioned 
by  errors  of  obserration.  The  ratio  of  diffusion*  for 
instance,  from  the  solutions  containing  4  parts  of  salt,  is 
3 '80  and  3'89  for  the  two  temperatures,  which  numbers 
fall  little  sort  of  4.  The  diffusion  manifestly  increases 
with  the  temperature,  and,  as  far  as  can  be  detennined 
by  three  obeerrations,  in  direct  proportion  to  the  tem- 
}>erature.  The  diffusion  product  from  the  4  per  cent, 
solution  increases  from  10  grains  to  13*6,  with  a  rise  of 
temperature  of  27^*4,  or  rather  more  than  one-third. 
Supposiuff  the  same  progression  continued,  the  diflu- 
Bibility  of  chloride  of  sodium  would  be  doubled  by  a  rise 
of  84  or  86  degrees. 

1426.  The  progress  of  the  diffusion  of  chloride  of 
sodium  in  sucn  experiments  as  the  preceding  ones,  was 
further  studied  by  mterceptinf  the  operation  after  it  had 
proceeded  for  different  periods  of  2,  4,  6,  and  8  days. 
The  strengtii  of  the  solution  employed  was  4  parts  of 
salt  to  100  of  water.  In  2  days,  temp.  63'''7,  the  salt 
diffused  was  8*96  grains.  In  4  days,  temp.  63^'7,  the 
salt  diffused  was  6'96  grains.  In  6  oavs,  temp.  63''*8,  the 
salt  diffused  was  9*86  grains.  In  8  days,  temp.  64^  the 
salt  diffused  was  13*12  grains. 

1426.  The  proportion  diffused  in  the  first  period  of  two 
days  is  given  directly  in  the  first  experiment.  The  proper 
di&ision  for  each  of  the  three  latter  periods  of  two 
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days  is  obtained,  of  oourse,  by  dedncting  from  the  ntnh 
of  each  period  the  resalt  of  the  period  which  pieoeda 
it:— 

Difiiised  in  1st  two  days  •  •  8*95  gnuns. 

„  2nd  „     „  -  -  300 

»  3rd   „     „  -  -  2-91 

„         „   4th   „      „  -  •  3*26        „ 

The  difi^ion  anpears  to  proceed  pretty  nniformly,  if  tie 
amount  diffasea  in  the  first  period  of  two  days  be  excepted. 
Each  of  the  phials  contained  at  first  about  108  grains  of 
salt,  of  which  the  maximum  quantity  difiused  is  1312 

grains  in  8  days,  or  •— -  of  whole  salt.    Still  the  di£fuiiai 

must  necessarily  follow  a  diminishing  progression,  whidi 
would  be  brought  out  by  continuing  the  process  ftr 
longer  time,  and  appear  at  the  earliest  period  in  the  s^ 
of  most  rapid  diffusion. 

1427.  Ail  the  experiments  which  follow  being  made, 
like  the  preceding,  on  comparatiyely  large  volumes  ci 
solution  in  the  phial,  and  lor  equally  short  periods  of 
seyen  or  eight  days,  may  be  looked  upon  as  exhibiting 
pretty  accurately  the  initial  diffusion  of  such  solutions, 
the  influence  of  the  diminishing  progression  being  still 
smaU.  The  yolume  of  water  m  the  water  jar  is  alto 
relatiyely  so  large,  that  the  experiment  approaches  to 
the  condition  of  diffusion  into  an  unlimited  atmosphere. 

1428.  Diffusion  of  various  salts,  and  other  subst4Muees, 
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Table  I.— Dj^Wwm  of  solutions  of  density  1-200, 
temp,  66**  JP.,/or  27  da^s. 

Placed  in  lolatioxi 
ceU. 

Found  in  water 
jar. 

Proportion 
of  anhj- 

droas  salt, 
or  of  add 
protohy- 

drate.tolOO 
of  water. 

Boiling 
point. 

Diffusion  product. 

In 
grains. 

Chloride  of  sodium 
Nitric  acid   - 
Sulphuric  acid 
Chloride  of  potassium 

(density  1-178)  - 
Bisulphate  of  potash    - 
Nitrate  of  soda     - 
Sulphate  of  magnesia   - 
Sulphate  of  copper 

34-21 
37-93 
29-03 

34-86 
31-85 
32-42 
22-38 
21-56 

225''-6 

227 

223 

221 
216 
220 
214 
213-6 

269-80 
581-20 
455-10 

320-30 

319-00 

260-20 

95-87 

77-47 

100 

215-42 
168-68 

118-71 

118-23 

96-44 

35-53 

28-71 

1429.  This  table  of  experiments  shows  that  the  diffusion 
from  solutions  of  the  same  density  is  not  equal,  but  highly 
variable,  ranging  from  1  to  0133.  The  results,  also, 
favour  the  existence  of  a  relation  between  large  or  rapid 
diffusibility  and  a  high  boiling  point.  The  latter  pro- 
perty may  be  taken  to  indicate  or  itself  a  high  degree  of 
attraction  between  the  salt  and  water. 
Table  IL^Diffusion  of  solutions  of  20  salt  to  100  water, 
at  m^'b.for  8  days. 


Density  of 

Anhydrous 

Name  of  substance. 

solution  at 

saltdif- 

60°. 

fused^ingrs. 

Chloride  of  sodium 

11265 

58-68 

Sulphate  of  magnesia  - 

1-185 

27-42 

Nitrate  of  soda    .... 

1-120 

51-56 

Sulphate  of  water 

1-108 

69-32 

Crystallized  cane  sugar 

1070 

26-74 

Fused  cane  sugar 

1-066 

26-21 

Starch  sugar  (glucose) 

l-Ofll 

26-94 

Treacle  of  cane  sugar  - 

1-069 

32-55 

Ghmiarabic         .... 

1-060 

13-24 

Albumen 

3-063 

3-08 

2  T 
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1430.  We  learn,  from  this  table  of  experimental  &di, 
tliat  the  difPasioii  of  cane  and  starch  aogar  is  souibiy 
equal,  and  donble  that  of  gnm  arable.  On  the  other 
hand,  the  sugars  have  less  than  half  the  difibaibility  of 
chloride  of  sodinm.  It  is  remarkable  that  the  spedBcaUj 
lightest  and  densest  solutions,  those  of  the  sugars  and  d 
sulphate  of  magnesia,  approach  each  other  closely  in  dif- 
fusibility.  On  comparmg  together,  however,  two  sab- 
stances  of  similar  constitution,  such  as  the  two  salti, 
chloride  of  sodium  and  sulphate  of  magnesia,  that  sih 
appears  to  be  tiie  least  difiusive  of  which  the  aolation  ii 
densest. 

1431.  But  the  most  remarkable  result  is  the  di^fbaon 
of  albumen,  which  is  low  out  of  all  proportion  when  com- 
pared with  saline  bodies.    The  solution  employed  was  the 
albumen  of  egg,  without  dilution,  but  strained  through 
calico,  and  deprived  of  all  vesicular  matter.     Aa  t£» 
liquid,  with  a  density  of  1'041,  contained  only  14*69  parts 
oidry  matter  to  100  of  water,  the  proportion  difibsed  is 
increased  in  the  table  to  that  for  20  parts,  to  correspond 
with  the  other  substances.    In  its  natural  alkaline  state 
the  albumen  is  least  diffusive,  but  when  neutralixed  bj 
acetic  acid,  a  slight  precipitation  takes  place,  and  tiw 
liquid  filters  more  easily :  the  albumen  is  now  sensibly 
more  diffusive  than  before.    Chloride  of  sodium  appears 
20  times  more  diffusible  than  albumen  in  the  table,  bat 
the  disparity  is  really  greater,  for  nearly  one-half  of 
the  matter  which  dimis^  consisted  of  inorganic  salts. 
Indeed,  the  experiment  appears  to  oromise  a  delicate 
method  of  proximate   analysis   peculiarlT  adapted  for 
animal  fluids.    The  value  of  this  low  diffusibility  in  retain- 
ing the  serous  or  albuminous  fluids  within  the  blood- 
vessels at  once  suggests  itself.     An  examination  of  the 
inorganic  salts  proved  that  salts  of  potash  diffuse  out 
more  freely  from  albumen  than  salts  of  soda. 

1432.  It  was  also  ascertained  that  albumen  does  not 
impair  the  diffusion  of  salts  dissolved  together  with  it  in 
the  same  solution,  although  the  liquid  retains  its  viscosity. 
Three  other  substances,  added  separately,  in  tiie  propor- 
tion of  6  parts  to  100  of  undiluted  solution  of  egg  aloumen, 
were  found  to  diffuse  out  quite  as  freely  from  that  liquid 
as  they  did  from  an  equal  volume  of  pure  water;  these 
were  chloride  of  sodium,  urea,  and  sugar.    Urea  proved 
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to  be  a  lugbly  difTasible  substance ;  it  nearly  coincided  in 
rate  with  chloride  of  sodium.  Further  on  we  shall  see  to 
what  valuable  disooyeries  this  apparently  insisnifioant 
fact  of  the  low  dififusibility  of  albumen  led  m  the  hands  of 
Graham. 

1433.  Table  III.  records  the  diffusion  of  a  series  of  salts 
at  two  different  temperatures.  Each  of  the  saline  solu- 
tions contained  1  of  salt  to  10  of  water ;  this  smaller 
proportion  of  salt  admits  of  the  comparison  of  a  greater 
variety  of  salts. 

Tablb  l\l.^l>iffunon(ifsoluiions  qf  10  salt  to  100  water, 
for  8  dajfs. 


Anh7dmiitMltdiAia«d» 

Density  of 

ingrains. 

eolation  at 

eo»F. 

At  sr -6  P. 

At68*>5F. 

Chloride  of  sodium 

10668 

22-47 

32-26 

Nitrate  of  soda      - 

10622 

22-79 

30-7 

Chloride  of  potassium   - 

10596 

... 

4016 

Chloride  of  ammonium  - 

10280 

3r*i4 

40-20 

Nitrate  of  potash  - 

10589 

28-70 

36-66 

Nitrate  of  ammonia 

10382 

2919 

3630 

Iodide  of  potassium 

1-0673 

2810 

370 

Chloride  of  barium 

1-0868 

21-42 

270 

Sulphate  of  water 

10576 

29  85 

36-86 

Sulphate  of  magnesia    - 

10966 

1307 

15-46 

Sulphate  of  zinc    - 

1-0984 

12-60 

16-80 

1434.  The  near  equality  of  the  quantities  diffused  of 
certain  isomorphous  salts  is  striking  at  both  temperatures* 
Chloride  of  potassium  and  chloride  of  ammonium  give 
40-16  and  4020  grs.  respectively  at  69''-6  F. ;  nitrate  of 
potash  and  nitrate  of  ammonia,  36-66  and  35-3  grs.  respec- 
tivelv  at  69''-6  F.,  and  287  and  2919  grs.  at  37**-6  F.; 
sulphate  of  magnesia  and  sulphate  of  zinc,  15-45  and  16*8 
grs.  at  59*»-6  F.,  with  1307  and  1260  ars.  at  37*'-6  F. 
The  relation  observed  is  the  more  remarkable  that  it  is 
that  of  equal  weight*  of  the  salts  diffused,  and  not  of 
atomicalhf  equivaUfU  weights.  In  the  salts  of  ammonia 
and  potash  this  equality  of  diffusion  is  exhibited  also, 
notwithstanding  considerable  differences  in  density  be- 
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tween  their  Bolutions,  the  dennty  of  the  solution  of  ehk>- 
ride  of  ammonium,  for  instance,  being  1*0280,  and  that  d 
chloride  of  potaaaium  1'0696.  It  may  hare  some  relatkm, 
however,  but  not  a  simple  one,  to  the  denaitj  of  the  sok- 
tions ;  sulphate  of  magnesia,  of  which  the  solution  is  moit 
dense,  being  most  slowly  difiusiye,  and  salts  of  soda  beiog 
slower,  as  they  are  generally  denser  in  solution,  than  tk 
corresponding  salts  of  potash.  Nor  does  it  depend  up(s 
equal  solubihty,  for  in  none  of  the  pairs  is  there  tsr 
approach  to  equality  in  that  respect. 

Table  IV. — Diffusion  of  acid  solution*  (4  aeid  to  100 
water),  at  69^*3  F. 


Dennty  of 

Nuneofaoid. 

aolatioa  at 

•ciddif- 

eo°. 

ruS«d,iBgR. 

Nitric  acid 

10243 

28-7 

Hydrochloric  acid 

Sulphuric  acid     .        -        -        - 

10226 

341 

10317 

18-48 

Acetic  acid           -        .        .        - 

1-0094 

1816 

Oxalic  acid           .        .        .        - 

10235 

1238 

Arsenic  acid         ...        - 

10320 

1216 

Tartaric  acid        ,        .        .        . 

10194 

9-79 

Phosphoric  acid  .        -        -        - 

10248 

9*09 

Chloride  qf  sodium 

1-0286 

12-32 

1435.  The  experimental  facts  recorded  in  this  table 
show  that  consiaerable  latitude  exists  in  the  diffusibility 
of  the  different  acids.  To  make  the  residt  for  nitric  acid 
comparable  with  that  for  hydrochloric  acid,  the  former 
should  be  increased  in  the  proportion  of  54  to  63;  that  is, 
estimated  as  nitrate  of  water.  This  calculation  gives 
33*5  grs.  of  nitrate  of  water  diffused,  which  approaches 
closely  to  34-1  grs.,  the  quantity  of  hydrochloric  acid. 
Sulphuric  and  acetic  acid  appear  to  difiuse  equally. 
The  phosphoric  acid  employea  was  converted  into  the 
tribasic  state  before  experimenting  with  it ;  this  precau- 
tion was  not  taken  with  the  arsenic  acid.  These  two 
acids  do  not  exhibit  the  equality  of  diffusion  anticipated 
from  their  recognised  isomorphism;  but  Mr.  Crraham 
observes,  "  It  is  to  be  stated  that  the  acidimetnoal  method 
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of  analysis  foUowed  is  not  so  properly  applicable  to  these 
two  acids  as  it  is  to  all  the  others." 

1436.  In  the  following  table  of  experiments  the  sub- 
stances were  stiU  diffused  from  weak  solutions,  that  is, 
from  solutions  containing  from  1  to  8  per  cent,  of  the 
substance  ;  but  now  a  measure  of  the  smution,  equal  to 
loo  grs.  of  water,  was  made  to  contain  1  gr.  of  the  sub- 
stance, to  form  what  is  called  the  1  per  cent,  solution, 
instead  of  1  p*  of  the  substance  being  added  to  100  m. 
of  water,  as  m  the  preceding  experiments,  without  refer- 
ence to  the  condensation  which  generally  occurs ;  and  the 
quantity  diffused  is  for  two  cells. 


Table  V. — Diffusion  qf  saline,  acid,  Sfc 

.,  solutions. 

Per 
rant. 

Days. 

Degrees 
Fahr. 

DiiRi. 
sate. 

r 

1 

6 

51 

7-41 

^ 

2 

6 

61 

1504 

Hydrochloric  acid 

2 

5 

59-7 

16-55 

4 

5 

51 

30-72 

8 

5 

51 

67-68 

Hydriodic  acid 

- 

2 

5 

51 

1511 

Hydrobromio  acid 

- 

2 

5 

59-7 

16-58 

Bromine 

. 

0-864 

10 

601 

5-84 

Hydrocyanic  acid  - 

- 

1-766 

5 

64-2 

11-68 

( 

1 

5 

51-2 

699 

Nitric  acid  (HO, NO,) - 

) 

2 

4 

5 
5 

51-2 
51-2 

14-74 
28-76 

I 

8 

5 

51-2 

57-92 

c 

1 

10 

49-7 

8-69 

Sulphuric  acid  (H  0,  S  0,) 

2 

4 

10 
10 

49-7 
49-7 

16-91 
33-89 

( 

8 

10 

49-7 

68-96 

Chromic  acid 

1-762 

10 

67-3 

19-78 

• 

2 

10 

48-8 

11-31 

Acetic  acid  (H  0,  O4  H,  Og) 

. 

4 

10 

48-8 

2202 

'. 

8 

10 

48-8 

41-80 

( 

1 

10 

68-1 

809 

Sulphurous  acid     - 

2 

4 

10 
10 

681 
68-1 

16-96 
33-00 

c 

8 

10 

68-1 

66-38 
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Tablx  V. — eontiwued. 


BnlMtMwe. 

Per 
eent. 

Dftjt. 

'^SET 

Kfc. 

( 

1 

4-04 

63-4 

4-91 

) 

2 

404 

63-4 

9-59 

Ammonia      -       -       -       < 

4 

4-04 

63-4 

19-7* 

( 

8 

404 

63-4 

41-23 

(^ 

2 

10 

48-7 

S'& 

Alcohol 

4 

10 

48-7 

1612 

8 

10 

48-7 

35-50 

\ 

1 

11-43 

64-1 

7-72 

2 

11*43 

64-1 

15-01 

Nitrate  of  baryta  -        -       \ 

4 

11-43 

64-1 

29-eo 

8 

11-43 

64-1 

54-60 

Nitrate  of  strontia 

1 

11-43 

51-5 

6-79 

1 

11-43 

64-1 

7-66 

Nitrate  of  lime      -        -       < 

2 

4 

11-43 
11-43 

64-1 
64-1 

15-01 
29^ 

^ 

8 

11-43 

641 

5510 

Acetate  of  bary ta  . 
Acetate  of  lead      - 

1 

16-17 

63-6 

7-60 

1 

1617 

631 

7-84 

C 

1 

8-57 

63 

6-32 

Chloride  of  barium         -       < 

2 
4 

8-67 
8-67 

63 
63 

12-07 
23-96 

( 

8 

8-67 

63 

45-92 

C 

1 

8-57 

63 

6-09 

Chloride  of  atrontiiim     -       < 

2 

4 

8-67 
8-57 

63 
63 

11-66 
23-56 

t 

8 

8-67 

63 

44-46 

1 

11-43 

63-8 

7-92 

2 

11-43 

63-8 

15-35 

Chloride  of  calcium 

4 

11-43 

63-8 

80-78 

8 

11-43 

63-8 

61-56 

1 

11-43 

60*8 

6-51 

Chloride  of  manganese  - 

1 

11-43 

60-8 

6-68 

Nitrate  of  magnesia 

1 

11*48 

60-8 

6*40 

Nitrate  of  copper  - 

1 

11-43 

60-8 

6-44 

Chloride  of  zmc     - 

1 

11*43 

50-8 

6*29 

Chloride  of  magnesium 

1 

11-4B 

60-8 

617 

Cupric  chloride      - 

1 

11-43 

60-8 

6-06 

Ferrous  chloride    - 

1 

11-43 

63*6 

6-30 
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Table  V. — continued. 

Per 
cent. 

D»y». 

Degrees 
Fahr. 

Diffu- 
sato. 

' 

1 

1617 

66-4 

7-31 

2 

16-17 

65-4 

12-79 

4 

1617 

66-4 

23  46 

Salpliate  of  magnesia     -      < 

8 

16-17 

66-4 

42-82 

8 

1617 

62-8 

42-66 

16 

16-17 

628 

76-06 

,                       \ 

24 

16-17 

62-8 

102-04 

1 

16-17 

66-4 

6-67 

2 

16-17 

65-4 

12-22 

4 

16-17 

66-4 

23-12 

Sulphate  of  zinc    - 

8 

1617 

66-4 

42-26 

8 

16-17 

62-8 

39-62 

16 

16-17 

62-8 

74-40 

24 

16-17 

62-8 

101-42 

( 

1 

1617 

66-4 

6-48 

2 

16-17 

66*4 

1021 

Sulphate  of  alamina      -       < 

4 

16-17 

66-4 

19-28 

( 

8 

1617 

65-4 

33  62 

C 

2 

63-4 

13-61 

Nitrate  of  bUtot     -       -       < 

4 

63-4 

26-34 

/ 

8 

63-4 

61-88 

( 

2 

63-4 

12-36 

Nitrate  of  Boda      -       -       \ 

4 

634 

23-66 

I 

■8 

63-4 

47-74 

( 

1 

63-4 

6-32 

Chloride  of  Bodium        -       < 

2 

4 

63-4 
63-4 

12-37 
24-96 

I 

8 

63-4 

48  44 

Todideofflodinm  - 

2 

69-8 

12-18 

Bromide  of  sodium 

2 

69-8 

11-93 

Chloride  of  potassium    - 

2 

6-716 

69-8 

12-24 

Bromide  of  potassium    - 

2 

6-716 

59-8 

12-46 

Iodide  of  potassium 

2 

6-716 

59-8 

1261 

Chloride  of  ammonia     - 

1 

6-716 

63 

6-99 

1 

8-08 

682 

7-23 

Bicarbonate  of  potash    -       < 

2 

4 

8-08 
8-08 

68-2 
68-2 

14-06 
26-72 

8 

8-08 

68-2 

62-01 
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Table  V. — continued. 


Substance. 

Per 
cent. 

D»y8. 

'^isr  ^ 

c 

1 

8()8 

68-2  !     6-91 

Bicarbonate  of  ammonia    •    < 

2 

4 

8-08 
8-08 

68-2  i  13-© 
«8-2  I  27'(» 

/ 

8 

808 

68-2  i  50*10 

r 

1 

9-87 

68-2  1     731 

Bicarbonate  of  soda  -        -    < 

2 

4 

9-87 
9-87 

68-2  1  I3S1 
08  2  1  26vO 

( 

8 

9-87 

68-2      52-38 

Hydrochlorate  of  morphine   - 

2 

11-43 

64-1      11©) 

Hydrochlorate  of  strychnine  - 

2 

11-43 

64-1  1  11-49 

1437.  Hydrochloric  acid  belon^^s  to  the  most  dififnsiTe 
class  of  substances  known ;  its  difibsibility  increases  with 
its  concentration;  most  other  substances,  on.  the  other 
hand,  lose  proportionally  in  diffasibility  as  their  solutioiii 
are  concentrated. 

1438.  The  experimental  facts  recorded  in  the  table 
indicate  a  similarity  of  diffusion  between  hydriodic,  hydro- 
bromic,  and  hydrochloric  acids.  Graham  remarks  that 
these  acids  do  not  exhibit  the  same  correspondence  in  an- 
other physical  property,  via.,  the  densities  of  their  aqueooB 
solutions  containing  the  same  proportion  of  acid.  The 
densities  of  2  per  cent,  solutions  of  hydrochloric  and 
hydriodic  acids  appear  to  be  respectively  1*0104  and 
10143,  at  60°  F.,  and  that  of  hydrobromic  acid  will 
obviouslv  be  an  intermediate  number.  The  same  acids 
are  also  Icnown  to  differ  considerably  in  the  boiling  points 
of  solutions  containing  the  same  proportion  of  acid.  A 
considerable  diversity  of  physical  properties  appears  here 
to  be  compatible  with  equal  difiusibility  in  subetaacei 
which  are  isomorphons. 

1439.  Bromine,  it  will  be  seen  from  the  table,  difiusei 
less  rapidly  than  hjdrobromic  acid.  And  hydrocyanio 
acid  appears  less  diffusive  than  hydrochloric  acid;  the 
former  acid  does  not,  therefore,  belong  to  the  same  claM 
of  diffusive  substances  as  the  latter. 

1440.  The  usual  approach  to  equality  of  diffusion 
between  the  chlorids  ana  nitrates  is  observable  in  hydro* 
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chloric  and  nitric  aoids,  at  least  in  the  1  and  2  per  cent, 
solutions ;  the  wide  divergence  between  these  two  acids, 
in  the  8  per  cent,  solution,  is  produced  by  the  remarkably 
increased  diffusion  of  hydrochloric  acid  in  that  high 
proportion. 

1441.  The  diffasibility  of  different  strengths  of  sul- 
phuric acid  a]>pear8  to  be  pretty  uniform,  but  with  a  slight 
tendency  to  increase  in  nigher  proportions,  like  hy(&o- 
chlorio  acid;  but  it  is  greaUy  inferior  in  velocity  of 
diffusion  to  this  latter  acid. 

1442.  The  diffusibility  of  acetic  acid  diminishes  with  its 
concentration ;  it  is  evidently  considerably  less  diffusive 
than  sulphuric  acid. 

1443.  TThe  alkaline  hydrates  have  a  higher  diffusibility 
than  their  salts ;  they  are  twice  as  diffusive  as  the  sulphates 
of  the  same  bases,  and  four  times  as  diffusive  as  the 
sulphates  of  magnesia  and  lime.  The  salts  of  potash  and 
ammonia,  of  the  same  acid,  have  an  equal  diffusibility, 
which  is  greater  than  the  diffusibility  of  the  correspond* 
ing  salts  of  soda. 

1444.  At  the  same  temperature,  the  diffusion  of  nitrate 
of  strontia  almost  coincides  with  that  of  the  isomorphous 
nitrate  of  baryta.  And  the  results  throughout  for  nitrate 
of  lime  are  almost  identical  with  those  of  nitrate  of 
baiyta,  although  these  two  salts  differ  greatly  in  solubilitnr, 
ana  the  one  is  a  hydrated  and  the  other  an  anhydrous  salt. 

Of  the  two  isomorphous  salts,  acetates  of  lead  and 
baryta,  that  of  the  greatest  atomic  weight  sensibly  exceeds 
the  other  in  diffosioility. 

1445.  Alcohol  does  not  appear  to  belong  to  the  same 
class  of  diffusive  substances  as  acetic  acid,  which  might  be 
expected  from  their  similaritj  of  composition,  but  pos- 
sesses a  oonBiderabl;^  lower  diffusibility. 

1446.  Corresponding  salts  of  two  of  the  vegeto-alkalies 
are  found  to  be  eauidmusive.  The  diffusion  of  the  salts 
of  these  organic  pases  in  11 '43  days  is  exceeded  by  the 
diffusion  or  chloride  of  ammonium  or  potassium  in  6*71 
days,  or  half  the  former  time.  The  vegeto-alkalies  appear 
thus  to  be  divided  from  ammonia  and  potash. 

1447.  Diffkiion  of  mixed  salU, — When  two  salts  can  be 
mixed  together  without  combining,  it  is  to  be  expected 
tiiatthey  will  be  diffused  separately,  and  independently  of 
each  other,  each  salt  following  its  special  rate  of  diffusion. 
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(1.)  Anhydrous  sulphate  of  magnesia  and  sulphate  of 
water  (oil  of  yitriol),  1  part  of  eadi,  were  disBolred  togediff 
in  10  parts  of  water,  and  the  solution  allowed  to  difiuse  far 
four  oays  and  eight  days  at  61^'6. 

The  water  jar  was  found  to  have  acquired, — 

4  days.  8  dsfs. 

Sulphate  of  magnesia     •      5*60  grs.      9*46  gn. 
Sulphate  of  water  -    2L>92  „       29-32   „ 

27*62  „       38-78  „ 

It  is  obvious  that  the  ineqHality  should  be  greatest  k 
the  first  period  of  diffusion,  or  with  the  initial  difiBasion, 
as  it  actually  appears  above,  and  become  leea  and  1« 
sensible  as  the  proportion  of  the  low  diffusive  sidt  comes  to 
be  incres^ed  in  the  solution  phial.  In  former  experimeati 
upon  the  solution  of  sulphate  of  magnesia  alone  in  wata; 
as  1  salt  to  10  water,  compared  with  sidphate  of  wats, 
also  as  1  to  10,  the  disnanty  in  the  dimision  of  these 
two  sidts  was  less  considerable,  being  only  as  1  to  2*3^ 
instead  of  1  to  3  or  4. 

(2.)  A  solution  was  also  diffused  of  1  part  of  aokydroas 
sulphate  of  soda  and  1  part  of  chloride  of  sodium*  in  10 

Sarts  of  water,  for  four  days,  at  61^*6.    The  salt  which 
iffused  out  in  that  time  consisted  of— 

Sulphate  of  soda      ....      9*48  frn. 
Chloride  of  sodium  ....    17*80  „ 

27^  .. 

The  sulphate  of  soda  in  the  last  experiment  had  begmi 
to  crystallize  in  the  solution  phial,  nom  a  slight  fall  of 
temperature,  before  the  diffusion  was  interrupted;  a  eir> 
cumstance  which  may  have  contributed  to  increase  the 
inequality  of  the  proportions  diffused  of  these  two  salts. 

(3.)  A  solution  of  equal  weights  of  anhydrous  carbonate 
of  soda  and  chloride  of  sodium,  namely,  of  4  parts  of  the 
one  salt  and  4  parts  of  the  other,  to  100  water,  wss 
diffused  from  3  four-ounce  phials  of  1*26  inch  aperture,  st 
a  mean  temperature  of  67  '0,  and  for  seven  days.  The 
difiusion  product  amounted  to  17*10, 17*68,  and  18*13  gn. 
of  mixed  salt  in  the  three  experiments.  The  analysis  of 
the  last  product  of  18*13  grs.  gave,— 
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Carbonate  of  soda        -        -      6*68  grs.    31*83 
Chloride  of  sodium       •        -    12*46    ,,      68*67 


1818    „    100-00 

Here  the  carbonate  of  soda  presents  a  diffosion  less 
than  one-half  of  that  of  chloride  of  sodium.  The  difference 
is  again  greater  than  the  peculiar  diffusibilities  of  the 
same  salts  as  they  appear  when  the  salts  are  separately 
difi^ed.  For  in  experiments  made  in  the  same  phials 
with  solutions  of  4  parts  of  each  salt  singly  to  100  water, 
but  with  a  lower  temperature  by  8^*6,  namely,  at  64^-8, 
the  diffusion  product  of  the  carbonate  of  soda  was  7*17 
and  7*34  grs.  in  two  exoeriments,  of  which  the  mean  is 
7*25  grs. ;  while  the  dinosion  product  of  the  chloride  of 
sodium  was  11*18  and  10*73  grs.  in  two  experiments,  of 
which  the  mean  is  10*95  grs.  The  quantity  of  chloride 
of  sodium  diffused  bein^  taken  at  100  in  both  sets  of 
experiments,  we  have  diffused,— 

Of  carbonate  of  soda,  66*18  when  diffused  singly ; 

„  „     45*64  when  diffused  with  cnloride 

of  sodium. 

The  least  soluble  of  the  two  salts  appears  in  all  cases 
to  have  its  diffusibility  lessened  in  the  mixed  state.  The 
tendency  to  crystallization  of  the  least  soluble  salt  must 
evidently  be  increased  by  the  admixture.  Now  it  is  this 
tendency,  or  perhaps  more  generally  the  increased  attrac- 
tion of  the  piurticles  of  a  safi  for  eadi  other,  when  approxi- 
mated by  concentration,  which  most  resists  the  diffusion 
of  a  salt,  and  appears  to  weaJcen  the  diffusive  force  in 
mixtures,  as  it  is  also  found  to  do  so  in  a  strong  solution 
of  a  sinffle  salt. 

(4.)  Equal  weights  of  nitrates  of  potash  and  ammonia, 
dissolved  in  five  times  the  weight  of  the  mixed  salts  of 
water,  and  diffused  for  eight  cuiys,  gave  in  two  experi- 
ments,— 

At  «P'4.  At  62<''6. 

Nitrate  of  potash  •    28*39  grs.    25*88  grs. 

Nitrate  of  ammonia      -    3616    „      30*36    „ 

64*55    „     66*24   „ 
The  inequality  in  the  diffusion  of  these  two  nitrates  is 
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singular,  considering  that  in  solutions  of  1  sail  to  10 
water,  they  appeared  before  to  be  equally  difTusive.  BbI 
when  the  salts  are  mixed,  and  present  in  the  water  in  (hi 
proportion  of  1  salt  to  6  water,  they  no  longer  diffuse  b 
equal  proportions ;  in  this  case  the  solution  of  isitr&te  d 
potash  was  nearly  a  saturated  one,  while  that  of  nitnk 
of  ammonia  was  far  from  being  so ;  the  first  has  its  difs- 
sibility,  in  consequence,  impaired,  and  falls  con«deFab.y 
below  the  second. 

The  relatively  diminished  diffusibility  of  sulphate  of 
macpiesia,  when  associated  with  sulphate  of  water,  k 
probably  connected  with  a  similar  circumstance ;  sulphate 
of  magnesia  being  less  soluble  in  dilute  sulphuric  add 
than  inpure  water. 

(5^.  Ine  salt  which  diffused  from  a  strong  solntioa  of 
sulnnates  of  zinc  and  magnesia,  consisting  of  1  part  of 
eacji  of  these  salts  in  the  anhydrous  state,  and  6  parts  of 
water,  did  not  consist  of  the  two  salts  in  exactrf  eqiol 
proportions.  The  mixture  of  salts  diffused  for  eight  dajf 
gave  the  following  results  :— 

Bxp.  I.  II,  m. 

Sulphate  of  zinc         -  812  grs.    7*49  grs.     8*12  grs. 

Sulphate  of  magnesia    8*68    „      8*60    „      875    „ 

16-80    „     1609    „     16-87    „ 

There  is  therefore  always  a  slight  but  decided  prepon- 
derance of  sulphate  of  magnesia,  the  more  soluble  salt, 
in  the  diffusion  product.  These  last  experiments  were 
made  at  an  early  period  of  Mr.  Graham's  researches, 
with  another  object  m  view,  namely,  to  ascertain  whetJier, 
in  closely  related  salts,  such  as  the  sulphates  of  magneais 
and  zinc,  the  two  salts  might  be  elastic  to  each  other, 
like  particles  of  one  and  the  same  salt,  so  that  one 
salt  might  possibly  suppress  the  diffusion  of  the  other, 
and  dinuse  alone  for  both.  The  experiments  lend  no 
support  to  such  an  idea. 

It  appears  from  all  the  preceding  ex^riments,  that  the 
inequahty  of  diffusion  which  existed  is  not  diminished, 
but  exaggerated  in  mixtures;  a  curious  circumstanoe, 
which  has  also  been  observed  of  mixed  gases. 

1448.  Separation  of  salts  of  d%fferentl}cues  hy  diffuiion, 
—It  was  evident  from  the  preceding  expenmentai  facts 
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that  inequality  of  diffuflion  supplies  a  method  for  the 
separatioQ.  to  a  certain  extent,  of  some  salts  from  each 
other,  analogous  in  principle  to  the  separation  of  unequally 
volatile  substances  by  tne  process  of  distillation.  The 
potash  salts  appearing  to  be  always  more  dififusiye  than 
the  corresponding  soda  salts.  It  n>llows,  that  if  a  mixed 
solution  of  two  such  salts  be  placed  in  the  solution  phial, 
the  potash  salt  should  escape  into  the  water  atmosphere 
in  largest  proportion,  and  the  soda  salt  be  relatively  con- 
centrated m  tne  phial.  This  anticipation  was  fully  verified. 
(1.)  A  solution  was  prepared  of  equal  parts  of  the 
anhydrous  carbonates  of  potash  and  soda  in  nve  times  the 
weight  of  the  mixture  or  water.  Diffused  irom  a  small 
thousand-grain  phial  of  1*1  inch  aperture,  into  6  ounces 
of  water,  for  nineteen  days,  at  about  60°  F.,  the  mixed  salt 
amounted  at  this  time  to  8'58  grs. ;  the  analysis  of  the 
mixture  gave, — 

Carbonate  of  soda  -        -        -    312  grs.    3637 
Carbonate  of  potash        -        -    5*46    „       6363 

8-58    „     100-00 

(2.)  A  partial  separation  of  the  salts  of  sea  water  was 
effected  in  a  sunilar  manner. 

Chemical  analysis,  which  gives  with  accuracy  the  pro- 
portions of  acids  and  bases  in  a  solution,  furnishes  no 
means  of  deciding  how  these  acids  and  bases  are  com- 
bined, or  what  salts  exist  in  solution.  But  it  is  possible 
that  light  may  be  thrown  on  the  constitution  oi  mixed 
salts,  at  least  when  they  are  of  unequal  diffusibility,  by 
means  of  a  diffusion  experiment.  With  reference  to  sea 
water,  for  instance,  it  has  been  a  question  in  what  form  the 
magnesia  exists,  whether  as  chloride  or  as  sulphate,  or  how 
much  exists  in  the  one  form,  and  how  much  in  the  other. 
Knowing,  however,  the  different  rates  of  diffusibility  of 
these  two  salts,  which  is  nearly  chloride  2,  and  sulphate  1, 
and  their  relation  to  the  diffusibility  of  chloride  of  sodium, 
we  should  be  able  to  judge  from  the  proportion  in  which 
the  magnesia  travels  in  company  with  chloride  of  sodium, 
whether  it  is  travelling  in  the  large  proportion  of  chloride 
of  magnesium,  in  the  small  proportion  of  sulphate  of  mag- 
nesia, or  in  the  intermediate  proportion  of  a  certain  mix- 
ture of  chloride  and  sulphate.    But  here  we  are  met  by  a 
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difficulty.  Bo  the  chloride  of  magnerium  and  sulphite  cf 
magnesia  necessarily  pre-exist  in  sea  water  in  the  propose 
tions  in  which  they  are  found  to  difihseP  Maj  not  the 
more  easy  diffusion  of  chlorides  determine  their  fonnatka 
in  the  diffosiye  act,  just  as  eraporation  determiaes  tib 
formation  of  a  volatile  salt— producing  carbonate  d 
ammonia,  for  instance,  from  chloride  of  ammonia  sai 
carbonate  of  lime  P  We  shsll  see  immediately  that  Uoud 
diffusion,  as  well  as  gaseous  evaporatioD,  can  prodaee 
chemical  decompositions. 

1449.  Decomposition  of  salts  hy  diffusion, ^^{\.)  Fromi 
solution  of  bisulphate  of  potash,  saturated  at  68^,  and  of 
density  1*28,  from  a  six-ounce  phial  of  1*176  inch  aperture, 
into  20  ounces  of  water,  the  period  of  diffiiBion  extendisg 
to  fifty  days,  there  diffused  out,— 

Sulphate  of  water       -    12*77 

44-61 

It  thus  appears  that  the  bisulphate  of  potash  undergocf 
decomposition  in  diffusing,  and  that  the  acid  diffuses  away 
to  about  double  the  extent,  in  equivalents,  of  the  sulphate 
of  potash. 

(2.)  A  similar  experiment  was  made  with  another 
double  sulphate  of  greater  stability,  common  potash  alum. 
A  4  per  cent,  solution  of  anhydrous  alum  at  64**  was  difPosed 
from  a  six-ounce  phial  into  24  ounces  of  water  for  eigbt 
days.  The  quanti^^  of  salt  diffused  in  that  time  amounted 
only  to  7*48  grs.  It  contained  l*06grs.  alumina,  which  is 
eouivalent  to  5*33  grs.  of  alum.  The  diffused  salt  gave 
on  no  acid  vapours  at  600" ;  we  may  therefore  suppose  the 
excess  of  salt  which  is  diffused  to  be  sulphate  of  potash; 
the  diffusion  product  will  therefore  be — 

Alum    -        -        -        -    5*33  grs.         -    71-26 
Sulphate  of  potash        -    2*15    „  -    28*74 

7-48    „  100-00 

1450.  The  following  question  presented  itself  to  Mr. 
Graham  for  solution, — Is  it  possible  to  decompose  the 
sulphates  of  potash  and  soda,  and  the  chlorides  of  potas- 
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Biuxn  and  sodimn,  b]r  means  of  lime,  when  the  affinity  of 
that  base  for  an  acid  is  aided  by  the  high  diffbsibility 
of  the  hydrate  of  potash  or  of  soda  P 

(1.)  A  solution  was  made  of  1  nart  of  sulphate  of  potash 
in  100  parts  of  lime  water,  witii  which  the  phials  were 
filled,  and  placed  to  diffuse  in  jars  containing  lime  water, 
instead  of  water  simply,  for  the  usual  period  of  seven 
days.    There  diffused  out, — 

From  4  pbialf. 

Hydrate  of  potash     •        -    2*19  grs.    -    21*66 
Sulphate  of  potash     -        -    794  „       -    78*34 

10-13  „  100*00 

From  this  it  will  be  seen  that  more  than  a  fifth  part  of 
the  difiused  salt  is  hydrate  of  potash,  and  consequently  the 
sulphate  of  potash  has  suffered  decomposition  to  that 
extent. 

(2.)  Sulphate  of  soda,  dissolved  in  lime  water,  was 
diffused  into  lime  water  in  a  precisely  similar  series  of 
experiments.  The  diffusion  product  obtained  in  a  set  of 
four  cells  consisted  of, — 

Hydrate  of  soda        •        -    0*90  grs.    -    11*45 
Sulphate  of  soda        -        -    6*87  „       -    88*55 

7*77  „  10000 

It  will  be  seen  from  this  experiment  that  the  amount  of 
hydrate  of  soda  formed  and  difiused  amounts,  on  an 
average,  to  about  12  per  cent,  of  the  whole  diffused ;  yet 
this  is  only  about  half-weight  of  the  hydrate  of  potash 
which  was  formed  and  diffused.  Now  it  miffht  justly  be 
expected  that  it  woidd  reauire  a  less  powertul  id£nity  to 
decompose  sulphate  of  soaa  than  sulphate  of  potash ;  the 
result  must  therefore  be  referred  to  the  superior  diffu- 
sibility  of  the  hydrate  of  potash. 

(3.)  Similar  solutions  of  1  per  cent,  of  chlorides  of 
potassium  and  sodium  in  lime  water  were  diffused  into 
Time  water. 

Eight  cells  of  chloride  of  potassium  gave  25*51  grains 
of  dilused  salt,  containing  only  0  04  grain  of  hydrate  of 
potash. 
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Eight  cells  of  chloride  of  sodium  gave  20*77  gnins  d 
diffused  salt,  containing  no  more  than  0  08  grain  of  hjdnk 
of  soda. 

It  is  thus  seen  that  the  decomposition  of  the  alkaiiBe 
chlorides  is  so  small  as  to  be  barely  sensible,  not  exceed- 
ing, in  the  most  favourable  case,  more  than  ijgth  part  cf 
the  salt  diffused.  Lime,  therefore,  appears  incapsUe 
although  aided  by  diffusion,  to  decompose  the  chlontka 
of  potassium  and  sodium  to  a  sensible  extent. 

(4.)  Carbonate  of  lime,  dissolved  in  carbonic  acid  water, 
or  a  saturated  solution  of  bicarbonate  of  lime,  was  aoplied 
to  form  a  1  per  cent,  solution  of  sulphates  of  potasn  a&i 
soda.  These  solutions  were  diffused  from  the  phials  inu 
pure  water,  as  the  liquid  atmosphere  of  the  jars.  DecoB- 
position  of  the  alkaline  sulphate  always  took  place,  but  ^ 
a  less  extent  than  when  hydrate  of  "lime  was  employed. 
The  proportion  of  potash  salts  diffused  in  two  pairs  of 
cells  was  486  and  5-84  grains,  of  which  0-26  and  0-*3 
grains  was  carbonate  of  potash,  or  5  35  and  6*2  per  cent 
of  carbonate  of  potash. 

The  proportion  of  soda  salts  diffused  in  two  pairs  of 
cells  was  340  and  3'87  grains,  of  which  0*26  and  0^ 
grains  was  carbonate  of  soda,  or  7"65  and  7*67  per  cent  of 
carbonate  of  soda.  The  excess  of  carbonate  soda  diffused 
over  the  carbonate  of  potash  in  these  experiments,  Graham 
remarks,  is  probably  accidental. 

1451.  The  expenments  on  the  decomposition  of  an 
alkaline  sulphate  by  means  of  carbonate  of  lime,  aided 
by  diffusion,  are  chiefly  interesting  as  they  illustrate  a 
decomposition  which  may  occur  among  the  salts  of  the 
soil,  and  with  the  formation  of  an  alkaline  carbonate, 
form  a  reaction  between  carbonate  of  lime  and  an  alkaline 
sulphate ;  although  the  solutions  may  be  too  dilate  to 
admit  of  any  separation  of  sulphate  of  lime  in  the  solid 
state. 

1452.  But  the  decomposition  of  the  chlorides  of  potas- 
sium and  sodiami  is  a  more  important  problem,  Gri^m 
observes,  than  that  of  the  sulphates  of  potash  and  soda. 
We  have  seen  that  the  direct  diffusion  of  these  chlorides 
with  hydrate  of  lime  only  yielded  a  trace  of  fixed  alkali ; 
and  when  concentrated  solutions  of  the  chlorides  were 
employed  not  a  trace  of  alkali  was  formed.  Bicarbonate 
of  lime  had  no  greater  effect  upon  these  chlorides.  Bat  the 
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conjoint  action  of  lime  water  and  the  sulpliate  of  lime 
npon  these  chlorides  gaye  better  results ;  but  eren  in 
this  case,  when  cold  solutions  were  employed,  only  the 
faintest  trace  of  alkali  was  detected.  To  enable  tiie 
hydrate  and  sulphate  of  Hme  to  act  upon  the  chloride 
of  sodium,  it  was  found  necessary  to  heat  the  solution 
before  diffusion. 

1453.  The  solution  of  sulphate  of  lime,  with  an  addition 
of  2  per  cent,  of  chloride  of  sodium,  was  kepi  at  the 
boiling  point  for  half  an  hour.  No  deposition  or  sulphate 
of  lime  occurred  then,  or  after  the  liqmd  cooled.  Two  or 
three  days  afterwards,  the  solution  was  mixed  with  an 
equal  yoiume  of  lime-water,  and  two  phials  of  the  solution 
were  diffused  into  pure  water  for  7  days  and  18  hours. 
The  lime  found  in  the  water  was  equal  to  I'Ol  grs.  of 
carbonate  of  lime.  The  alkaline  compounds  amounted  to 
6'14grs.,  and  contained  0*646  grs.  of  hydrate  of  soda,  and 
0'373  grs.  of  sulphate  of  soda.  It  is  difficult  to  decide  in 
what  form  the  lime  reached  the  water  jar,  but  this  earth 
was  probably  diffused  out  of  the  solution  phial,  partly  as 
hydrate  of  lime,  partly  as  sulphate  of  lime,  but  principally 
as  chloride  of  calcium.  Graham  obseryes,  that  with  a 
smaller  quantity  of  chloride  of  sodium  than  2  per  cent, 
in  the  original  mixture,  the  alkali,  although  not  mcreased 
in  absolute  quantity,  might  no  doubt  come  to  form  a 
considerably  larger  proportion  of  the  diffusion  product. 

\4&4,  The  experiments  throw  a  curious  light  upon  the 
condition  of  mixed  salts.  It  follows,  from  the  absence  of 
hydrate  of  soda  in  the  diffusion  product  of  the  first 
experiments,  that  cold  solutions  of  sulphate  of  lime  and 
chloride  of  sodium  may  be  mixed  without  decomposition, 
or  without  any  sensible  formation  of  sulphate  of  soda. 
But  on  heating,  this  change  is  induced,  and  it  is  per- 
manent; sulphate  of  soda  is  formed,  and  continues  to 
exist  in  the  cold  solution;  for  it  is  the  decomposition  of 
that  salt  alone,  hydrate  of  lime,  which  appears  to  afford 
the  diffused  hydrate  of  soda.  More  than  one  condition  of 
equilibrium  is  therefore  possible  for  mixed  solutions  of 
sulphate  of  lime  and  chloride  of  sodium.  It  would  be 
interesting  to  submit  such  a  mixture  to  a  diffusion  ex- 
periment, after  being  kept  for  different  periods.  The 
effects  of  time  and  temperature  are  so  often  conyertiblci 
2v 
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that  we  might  anticipate  a  gradual  formation  of  snlpinte 
of  fioda.  If  such  be  the  case,  we  have  an  tigencj  in  the 
soil,  by  which  the  alkaline  carbonates  required  bj  pluiti 
may  be  formed  from  the  chlorides  of  potassium  md 
sodium,  as  well  as  from  the  sulphates  of  potash  and  sodi; 
for  the  sulphate  of  lime,  generally  present^  will  conTot 
those  chlorides  into  sulphates. 

1455.  The  mode  in  which  the  soil  of  the  earth  ii 
moistened  by  rain  is  peculiarly  favourable  to  separatkas 
by  diffusion.  The  soluble  salts  of  the  soil  may  be  sup- 
posed to  be  carried  down  together,  to  a  certain  denth,  if 
the  first  portion  of  rain  which  fulls,  while  they  fina  after> 
wards  an  atmosphere  of  nearly  pure  water,  in  Qie  moistnn 
which  falls  last  and  occupies  tne  surface  stratum  of  Uie 
soil.  Diffusion  of  the  salts  upwards  into  this  water» 
with  its  separations  and  decompositions,  must  neoessanlj' 
ensue.  The  salts  of  potash  ana  ammonia,  which  are  mo^ 
required  for  vegetation,  possess  the  highest  diffusibility, 
and  wiU  rise  first.  The  pre-eminent  difiusibility  of  lit 
alkaline  hydrates  may  also  be  called  into  action  in  the 
soil  by  hydrate  of  lime,  particularly  as  quick-lime  is 
applied  for  a  top-dressing  to  grass  lanos. 

1456.  Diffusion  of  double  salts, — How  is  the  diffuskm 
of  two  salts  afieoted  by  their  condition  of  combination  as 
a  double  salt  P  A  solution  of  the  double  sulphate  of  mag- 
nesia and  potash,  in  the  proportion  of  100  water  to  4  of 
the  anhydrous  salt,  was  dinused  in  the  four-ounce  dLffoaioa 
phials,  of  1'25  inch  aperture,  for  seven  days  at  57*^  f. ; 
the  diffusion  product  of  the  double  salt  amounted  to 
7-95  grs. 

1457.  The  constituent  salts,  sulphate  of  magnesia  and 
sulphate  of  potash,  were  now  dissolved  separately,  in  the 
proportions  in  which  they  existed  in  the  aouble  salt;  the 
separate  diffusion  of  the  sulphate  of  magnesia  wi»  2*^ 
grs.,  and  the  separate  diffusion  of  the  sulphate  of  potash 
was  5*78  grs.,  the  circumstances  of  the  experiments  being 
the  same  as  those  of  the  double  salt.  The  result  is,  that 
the  separate  diffusion  of  the  constituent  salts  is  almost 
identical  with  their  diffusion  when  combined  as  a  deoble 
salt:— 

Diffusion  of  the  double  sulphate  of  magnesia 
and  potash 7'95  grs. 
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DifiTuBion  of  equivalents  of  sulphate  of  mag- 
nesia and  sulphate  of  potash  in  separate  cefls   7*98  grs. 

It  would  thus  appear  that  the  diffusibilitv  of  this  double 
salt  is  the  sum  of  the  separate  diffusions  of  its  constituent 
salts. 

1458.  It  has  been  a  question  whether  a  double  salt  is 
formed  at  once  when  its  constituent  salts  are  dissolved  toge- 
ther, or  not  till  the  act  of  crystallization  of  the  compound 
salt.  Equivalents  of  the  same  two  sulphates,  making 
up  4  parts,  were  dissolved  together,  without  heat,  in  100 
water.  Now  the  diffusion  from  this  mixture,  which  has 
the  composition  of  the  preceding  solution  of  the  double 
salt,  exhibited  notwithstanding  a  sensibly  different  result 
of  diffusion ;  the  diffusion  of  the  mixture  being  7'30  grs., 
whilst  the  diffusion  of  the  double  salt  was  7*95  grs. 
Hence  a  strong  presumption  that  the  mixed  salts  last 
diffused  were  not  combined,  and  that  the  double  sulphate 
of  magnesia  and  potash  is  not  necessarily  formed  imme- 
diately upon  dissolving  together  its  constituent  salts. 

1459.  In  experiments  of  a  similar  nature  made  upon  the 
double  salt,  sulphate  of  copper  and  potash,  and  upon  a 
mixture  of  the  two  sulphates  newly  dissolved  together,  a 
similar  result  was  obtained.  While  the  diffusion  of  the 
mixed  salts  was  25*6  grs.,  that  of  the  same  weight  of  the 
combined  salts  (the  double  sulphate)  was  30  grs.  The 
double  salt  appears  more  diffusible,  in  both  cases,  than 
its  mixed  constituents. 

1460.  These  double  salts  appear  to  dissolve  in  water 
without  decomposition,  althougn  the  single  salts  may  meet 
in  solution  without  combining.  Hence,  in  a  mixture  of 
salts  we  may  have  more  than  one  state  of  equilibrium 
possible.  And  when  a  salt  like  alum  happens  to  be  dis- 
solved in  such  a  way  as  to  decompose  it,  the  constituents 
ire  not  necessarily  re-united  by  subsequent  mixing. 
Many  practices  in  the  chemical  arts,  which  seem  empirical, 
have  their  foundation,  possibly,  in  facts  of  this  kind. 

1461.  Diffusion  of  one  salt  into  the  solution  of  another 
salt. — ^It  was  curious  and  peculiarly  important,  in  reference 
to  the  relation  of  liquid  to  gaseous  diffusion,  to  find 
whether  one  salt,  A,  would  diffuse  into  water  already 
charged  with  an  equal  or  greater  quantity  of  another  salt, 
B,  as  a  gas,  a,  freely  diffuses  into  the  space  already  occu- 
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pied  by  another  gas,  5 ;  tlie  gas,  5,  in  return  difiiismg  it 
the  same  time  into  the  space  occupied  hy  a;  or  whew, 
on  the  contrary,  the  diffusion  of  the  salt,  A,  is  resisted  bj 
B.  The  latter  result  would  indicate  a  neutralization  a 
the  water's  attraction  for  a  second  salt,  which  wonld  diyide 
entirely  the  phenomena  of  liquid  from  those  of  gaaeoos 
diffusion. 

(1.)  A  solution  of  4  parts  of  carbonate  of  soda  to  lOO 
water,  of  density  1*0406,  was  found  to  diffuse  with  e^nl 
rapidity  into  a  solution  of  4  parts  of  chloride  of  sodioa 
to  100  water,  haying  the  density  1*0282,  as  into  pure 
water. 

(2.)  The  same  solution  of  carbonate  of  soda  was  diffusad 
into  a  solution  of  sulphate  of  soda  (a  salt  more  similar  to 
the  carbonate  in  solubility  and  composition),  containing  4 
per  cent.,  and  of  density  1*0352,  there  was  a  small  r^ 
duction  in  the  quantity  of  carbonate  of  soda  diffbs^ 
amounting  to  one-eighth  of  the  whole.  The  sulphate  of 
soda,  therefore,  exercised  a  positive  interference  in  check- 
ing the  diffusion  of  the  carbonate  to  that  extent.  So 
small  and  disproportionate  an  effect,  however,  is  scarcely 
sufficient  to  establish  the  existence  of  a  mutual  elasticity 
and  resistance  between  these  two  salts. 

(3.)  Still  it  might  be  said.  May  not  the  diffusion  of  one 
salt  be  resisted  by  another  salt  which  is  strictly  isomor- 
phous  with  the  first?  The  diffusion  of  a  4  per  eeat 
solution  of  nitrate  of  potash,  however,  was  found  not  to 
be  sensibly  reduced  by  the  presence  of  4  per  cent*  of 
nitrate  of  ammonia  in  the  water  atmosphere,  although 
these  two  salts  are  closely  isomorphous.  They  are  stul. 
therefore,  inelastic  to  each  other,  Kke  two  different  gases. 

1462.  These  experiments  were  made  upon  dilute  solu- 
tions, and  it  is  not  at  all  improbable  that  the  result  may 
be  greatly  modified  in  conoentrated  solutions  of  the  sams 
salts,  or  when  the  solutions  approach  to  saturation.  But 
there  is  reason  to  apprehend  that  the  phenomena  of  liquid 
diffusion  are  exhibited  in  the  simplest  form  by  dilute 
solutions,  and  that  concentration  of  the  dissolved  salt, 
like  compression  of  a  gas,  is  often  attended  with  a  depar- 
ture  from  the  normal  (maracter. 

1463.  On  approaching  the  degree  of  pressure  which 
occasions  the  li(^uefaction  of  a  gas,  an  attraction  appears 
to  be  brought  mto  play  which  impairs  the  elasticity  of 
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the  gas ;  so,  on  approaching  the  point  of  sataration  of  a 
salt,  an  attraction  of  the  salt-molecules  for  each  other, 
tending  to  produce  crystallization,  comes  into  action, 
which  will  interfere  witn  and  diminish  that  elasticity  or 
dispersive  tendency  of  the  dissolved  salt  which  occasions 
its  diffusion. 

1464.  We  are  perhaps  justified  in  extending  the  analogy 
a  step  farther,  between  the  characters  of  a  ^as  near  its 
point  of  liquefaction  and  the  conditions  ^hich  may  be 
assigned  to  solutions.  The  theoretical  density  of  a  lique- 
fiable  gas  may  be  completely  disguised  under  great 
pressure.  Thus,  under  a  reduction  by  pressure  of  20 
volumes  into  1,  while  the  elasticity  of  air  is  1972  atmo- 
spheres, that  of  carbonic  acid  is  onlv  16*70  atmospheres, 
and  the  deviation  from  their  normal  densities  is  in  the 
inverse  proportion.  Of  salts  in  solution,  the  densities 
may  be  affected  by  similar  causes,  so  that  although  dU- 
ferent  salts  in  solution  really  admit  of  certain  normal 
relations  in  density,  these  relations  may  be  concealed, 
and  not  directly  observable. 

1465.  The  analogy  of  liquid  diffusion  to  gaseous  dif- 
fusion and  vaporization,  is  borne  out  in  every  character 
of  the  former  which  has  been  examined.  Mixed  salts 
appear  to  diffuse  independently  of  each  other,  like  mixed 
gases,  and  into  a  water  atmosphere,  already  charged  with 
another  salt,  as  into  pure  water.  Salts  also  are  unequally 
diffusible,  like  the  gases,  and  separations,  both  mechanical 
and  chemical  (decompositions),  are  produced  by  liquid  as 
well  as  by  gaseous  diffusion.  But  it  still  remains  to  be 
found  whether  the  diffusibilities  of  different  salts  are  in 
any  fixed  proportion  to  each  other,  as  simple  numerical 
relations  are  known  to  prevail  in  the  diffusion  velocities 
of  the  gases  from  which  their  densities  are  deducible. 

1466.  Diffusion  of  salts  of  potash  and  ammonia. 
Solutions  were  prepared  of  the  various  salts  in  a  pure 

state,  in  certain  fixed  proportions, — namely,  2,  4,  6|, — and 
10  parts  of  salt  to  100  parts  of  water  by  weight.  The 
density  of  the  solutions  was  determinea  at  60"".  The 
difi^sion  products  are  expressed  in  grains. 
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SubsUnoe. 

Temp.F. 

2. 

4. 

6i. 

10. 

Carbonate  of  potash  • 

64°-2 

5-45 

10-25 

16-67 

24-69 

Sulphate  of  potash    - 

»» 

6-52 

10-57 

17-17 

23-62 

Sulphate  of  ammonia 

>> 

5-58 

10-51 

16-79 

22-20 

Chromate  of  potash  - 

64°-l 

5-77 

1119 

17-6<) 

24  75 

Acetate  of  potash 

»> 

5-85 

10-70 

16-48 

24-85 

Bicarbonate  of  potash 

if 

5-81 

11-01 

— 

— 

Bichromate  of  potash 

64^-5 

5-65 

11-49 

— 

— 

It  is  singular  to  find  that  salts  difiTering  so  much  in 
constitution  and  atomic  weight  as  the  chromate  and 
bichromate  of  potash,  may  be  confounded  in  difPusibilitj. 
The  bicarbonate  of  potash  also  exhibits  a  considerable  ana- 
logy to  the  carbonate,  but  resembles  still  more  closely  the 
acetate.  It  is  thus  obyious  that  similarity  or  equality  of 
diffusion  is  not  confiued  to  the  isomorphous  groups  of  salts. 


SubsUnoe. 

Temp.F. 

2.     1       4. 

ej 

10. 

Nitrate  of  potash 
Nitrate  of  ammonia  - 
Chloride  of  potassium 
Chloride  of  ammonium 

65^-9 
66^-2 

7-47,  13-97 
773:  14-48 
7-70  15-29 
7-81';  14-60 

2237 
2274 
24-87 
24-30 

32-49 
34-22 
36  39 
36-53 

1467.  The  salts  of  potash  thus  appear  to  fall  into  two 
groups,  the  members  of  which  have  a  nearly  equal  diffuai- 
bility,  at  least  from  weak  solutions,  such  as  1  or  2  per  cent. 
Of  what  may  be  called  the  sulphate  of  potash  class  the 
diffusion  from  1  per  cent,  solutions  was  as  follows : — 

Diffiision  of  1  j^er  cent,  solutions  at  58°'5. 


Carbonate  of  potash    • 

-    2-63  grs 

Sulphate          „ 

.        -    2-69  „ 

Acetate            „ 

■    2-68  „ 

Chromate         „ 

.        -    2-83   „ 

Bicarbonate     „ 

-    2-81   „ 

Bichromate      „ 

•        ■    2-88   „ 

Mr.  Graham  remarks,  that  the  divergence  from  each 
other  of  two  salts  so  closely  isomorphous  as  sulphate  and 
chromate  of  potash,  in  the  proportion  of  100  to  105*2,  is 
certainly  remarkable,  unless  due  to  a  slight  decomposition 
of  the  latter. 
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Diffusion  of  1  per  cent,  solutions  of  salts  of  the  nitre  class 
at  64^-5. 

Nitrate  of  potash       -        -        .        -  372  grs. 

Nitrate  of  ammonia  -        -        -        -  3*76    „ 

Chloride  of  potassium        ...  3*88    ,, 

Chloride  of  ammonium      ...  389    „ 

Chlorate  of  potash    ...        -  3*66    „ 

1468.  What  is  the  relation  between  these  two  groups 
of  salts  P 

The  diffusion  of  4  per  cent,  solutions  of  carbonate  and 
nitrate  of  potash  was  repeated  at  a  temperature  rising 
gradually  jfrom  63*  to  66*  during  the  seven  days  of  the 
experiment,  with  a  mean  of  64**  1.  The  difiusion  products 
of  the  carbonate,  were  10*31,  10*05,  and  10*44,  m  three 
cells ;  mean,  10*27  grs.  Of  the  nitrate,  13*98, 13*86,  and 
and  13*60  i^rs. ;  mean,  13*81  grs.  There  is  thus  a  diffusion, 
in  equal  times,  of — 

Carbonate  of  potash     -        -    10*27    -    1 
Nitrate  of  potash         -        .    13*81    -    1*3447 

But  the  numbers  so  obtained  cannot  be  fairly  compared, 
owing  to  the  diminishing  progression  in  which  the  diffu- 
sion of  a  salt  takes  place.  Thus,  when  Idie  diffusion 
of  nitrate  of  potash  was  interrupted  every  two  days,  as  in 
the  experiment  with  chloride  of  sodium,  the  progress  of 
the  diffusion  for  eight  days  was  found  to  be  as  follows  in 
a  4  per  cent,  solution,  witn  a  mean  temperature  of  66*:  — 

Nitrate  of  potash  diffused  in  first  two  days,  4*54  grs. 
„  „  second  „     „      413   „ 

„  third     „    „      406   „ 

„  „  fourth  „    „       3*18   „ 

16*91 

The  absence  of  uniformity  in  this  progression  is,  no 
doubt,  chiefly  due  to  the  want  of  geometrical  regularity 
in  the  form  of  the  neck  and  shoulder  of  the  solution-phial. 
A  plain  cylinder,  as  the  solution  ceU,  might  give  a  more 
umform  progression,  but  would  increase  greatly  the  diffi- 
cullies  of  manipulation. 

The  diffusion  of  carbonate  of  potash  will,  no  doubt, 
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follow  a  diminighing  progreeBion  abo ;  but  there  is  tlus 
difference,  that  the  latter  salt  vill  not  advance  so  far  in 
its  progression,  owing  to  its  smaller  diffusibilitj,  in  the 
seyen  days  of  the  experiment,  as  the  more  diffasible 
nitrate  does.    The  diffusion  of  the  carbonate  will  thus  be 

SVen  in  excess,  and  as  it  is  the  smaller  diffagion.  the 
fference  of  the  diffasion  of  the  two  salts  will  not  be 
fully  brought  out. 

The  only  waj  in  which  the  comparison  of  the  two  salts 
can  be  made  with  perfect  fairness,  is  to  allow  the  diffasion 
of  the  slower  salt  to  proceed  for  a  longer  time, — till,  in  fact, 
the  quantity  diffused  is  the  same  for  this  as  for  the  other 
salt,  and  the  same  point  in  the  progression  has,  therefore, 
been  attained  in  both;  and  to  note  the  time  required. 
The  problem  takes  the  form  of  determining  the  times  af 
equal  diffusion  of  the  two  salts.  This  procedure  is  the 
more  necessary  from  the  inapplicability  of  calculation  to 
the  diffusion  progression. 

Further,  allowing  the  times  of  equal  diffusion  to  be 
found,  it  is  not  to  be  expected  that  they  will  present 
a  simple  numerical  relation. 

Eecurring  to  the  analogy  of  gaseous  diffusion,  the 
times  in  which  equal  volumes  or  equal  weights  of  two 
gases  diffuse  are  as  the  sq^uare  roots  of  the  densities  of 
me  gases.  The  times,  for  instance,  in  which  equal  quan- 
tities of  oxygen  and  hydrogen  escape  out  of  a  reesei  into 
the  air,  in  similar  circumstances,  are  as  4  to  I ;  the  den- 
sities of  these  two  gases  as  16  to  1 ;  or  the  times  of  equal 
diffusion  of  oxygen  and  protocarburetted  hydrogen  are  as 
1*4142  to  1,  that  is,  as  the  square  root  of  2  to  tbe  square 
root  of  1 ;  the  densities  of  these  gases  being  16  and  8, 
which  are  as  2  to  1.  The  densities  are  the  squares  of  the 
equal  diffusion  times.  It  is  not,  therefore,  the  times 
themselves  of  equal  diffusion  of  two  salts,  but  the  squares 
of  those  times,  which  are  likely  to  exhibit  a  simple  nume- 
rical relation. 

While  the  4  per  oent.  solution  of  nitrate  of  potash  was 
diffused,  as  usual,  for  7  days,  the  corresponding  solution 
of  carbonate  of  potash  was  now  allowed  to  diffuse  for  9*90 
days, — times  which  are  as  I  to  1*4142,  or  as  1  to  the 
square  root  of  2. 

The  results  were  as  follows.    Diffused  of — 
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Nitrate  of  potaah,  at  64**1,  in  7  days     -  13-81  gw.   100 
Carbonate  of  potash,  at  64°'3,  in  9'9 

days 13-92  „       100*8 

Difference        -    Oil 

Seren  and  9*90  may  therefore  be  considered  as  the  times  of 
equal  diffusion  indicated  for  nitrate  and  carbonate  of  potash. 
The  explanation  of  such  a  relation  suggested  by  gaseous 
diffusion  is  that  the  molecules  of  the  two  salts,  as  they 
exist  in  solution,  have  different  densities  ;  that  of  nitrate 
of  potash  beinff  1,  and  that  of  carbonate  of  potash  2. 
We  are  thus  Ted  to  ascribe  densities  to  the  solution 
molecules  of  the  salts,  conceived  on  the  analogy  of  vapour 
densities.  The  two  salts  in  question  are  related  exactly 
Lke  protocarburetted  hydrogen  gas,  of  density  1,  to 
oxygen  gas,  of  density  2.  ^Hie  parallel  would  be  com- 
pleted by  supposing  that  the  single  volume  of  oxygen  to 
be  diffused  was  previously  mixed  with  100  volumes  of 
air  (or  any  other  diluting  gas),  while  the  two  volumes  of 
protocarburetted  hydrogen  were  also  diluted  with  100 
volumes  of  air, — the  diluting  air  here  representing  the 
water  in  which  the  salts  to  be  diffused  are  dissolved  m  the 
solution  phial.  The  time  in  which  a  certain  quantity  of 
protocarburetted  hydrogen  would  come  out  from  a  vessel 
containing  1  per  cent  of  that  gas  being  1  (the  square 
root  of  density  1),  the  time  in  which  an  equal  quantity 
of  oxygen  would  diffuse  out  from  a  similar  vessel  con- 
taining 1  per  cent,  also,  would  be  1*4142  (the  square  root 
of  density  2). 

The  existence  of  the  relation  between  the  sulphate  and 
nitre  class  of  potash  salts  was  also  tested  by  employing 
sulphate  of  potash  and  chromate  of  potash  in  place  of  the 
carbonate.    Preserving  the  ratio  in  the  times  of  diffusion 
for  the  two  classes  of  salts,  the  actual  times  were  varied 
in  duration,  in  three  series  of  experiments,  as  1,  2,  and  3 : 
1  per  cent,  solutions  were  employed  in  each  of  the  ex- 
periments : — 
3-6  and     j  Nitrate  of  potash,  at  47'''2    3*50  grs.    100 
4-95  days.  1  Sulphate        „      „  47°-3    3-60    „      100 
ir  .«^QQ    (Nitrateofpotash,at48°6    604    „      100 
Aa.       -{SulpTiate        „      „  49'-l    620    „      102-66 
^*y^'      (Chromate      „      „  49''-l    629    „     10414 
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10-6  and    C  Nitrate  of  potaah,  at  48'       8-74  grs.    100 
14-85  days.  I Sulpliate        „      „  48^-6    879     „      100-57 

The  concurring  evidence  of  these  and  other  series  of 
experiments  which  Mr.  Graham  made,  is  strongly  in  favour 
of  the  assumed  relation  of  1  to  1-4142,  between  the  times 
of  equal  diffusion  for  the  nitrate  and  sulphate  of  potash; 
and,  consequently,  of  the  times  for  the  two  classes  d 
potash  salts,  of  which  the  salts  named  appear  to  be  types. 
The  same  experiments  are  also  valuable  as  proving  the 
similarity  of  the  progression  of  diflfasion  in  tw^o  salts  of 
unequal  diflFusibility. 

A  1  per  cent,  solution  of  pure  fused  hydrate  of  potadi 
was  dinused  for  4-96  days  at  a  mean  temperature  of  53*7; 
the  diffused  product  was  3*06  grains  for  a  single  cell. 

A  1  per  cent,  solution  of  nitrate  of  potash,  was  diffused 
for  7  days  at  a  mean  temperature  of  5S°'6 ;  the  diffused 
product  was  311  grains  for  a  single  cell. 

The  diffusion  of  nitrate  of  potash  being  100,  that  of  the 
hydrate  of  potash  is  98*2, — numbers  whicK  are  sufficiently 
in  accordance;  but  the  times  were  as  1  to  1*4142,  aiui 
their  squares  as  1  to  2.  We  thus  appear  to  have  for  the 
salts  of  potash  a  close  approximation  to  the  following 
simple  series  of  times  of  equal  diffusion  with  the  squsFes 
of  tiiese  times  : — 

Hydrate  of  potash 
Nitrate  of  potash 
Sulphate  of  potash 

The  only  salts  of  soda  which  have  yet  been  diffused  in 
a  sufficient  variety  of  circumstances,  are  the  carbonate 
and  sulphate.  These  salts  appear  to  be  equidiffusive,  but 
to  diverge,  notwithstanding,  more  widely  in  solutions  of 
the  higher  proportions  of  salt  than  the  corresponding 
potash  salts.  It  is  a  question  whether  this  increased 
divergence  is  not  due  to  the  less  solubility  of  the  sods 
salts,  and  the  nearer  approach,  consequently,  to  their 
points  of  saturation  in  the  stronger  solutions. 

The  mean  results  at  64°  were  as  follows : — 


Timei. 

SqiuTM  of  ( 

-    1 

.    1 

-   1-4142 

-  2 

-  2 

-   4 

2.           4.             S|.            10. 

Carbonate  of  soda 

-  414    7-78    1222    1688 

Sulphate  of  soda 

-  4-31     817     13-60    19-14 
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Diffusion  of  1  per  cent,  solutions  at  64°-9. 
Carbonate  of  soda      -        -  2*32  grs.     -   100 
Sulphate  of  soda         -        -  2*38    „      •   102*58 

The  diffusion  of  the  carbonate  of  soda  was  farther 
compared  with  the  nitrate  of  the  same  base,  to  find 
whether  their  times  of  equal  diffusion  are  related,  like 
those  of  the  corresponding  potash  salts. 

1  per  cent,  solution  of  nitrate  of  soda, 

in  7  days,  at  66°-9,  in  4  cells  -        -  1173  gra.   -  100 

1  per  cent,  solution  of  carbonate  of 

soda,  in  9*9  days,  at  66^9      -        -  11*62  „      -    99*06 

2  per  cent,  solution  of  nitrate  of  soda, 

m  7  days,  at  Si^S  -        -        -  1010  „      -  100 

2  per  cent,  solution  of  carbonate  of 

soda,  in  9*9  days    ....    9*95  „      •    98*61 

It  appears,  therefore,  that  the  times  of  equal  diffusion 
of  the  nitrate  and  carbonate  of  soda  are  related,  like 
those  of  the  nitrate  and  carbonate  of  potash,  or  as  the 
square  root  of  1  and  2,  that  is,  as  1  to  1*4142. 

It  appeared  probable,  from  the  experiments  which  Mr. 
Graham  had  already  made,  that  if  any  relation,  in  the 
times  of  equal  dtffusibility,  existed  between  the  corre- 
sponding salts  of  potash  and  soda,  it  was  that  of  the 
square  root  of  2  to  the  square  root  of  3.  They  were 
accordingly  diffused  for  times  having  this  ratio,  namely, 
the  nitrate  of  potash  for  7  days,  the  nitrate  of  soda  for 
8*57325  days ;  the  sulphate  and  carbonate  of  potash  for 
9*9  days,  and  the  sulphate  and  carbonate  of  soda  for 
12*125  days.  The  experiments  proved  that  these  times 
were  rightly  chosen,  for  the  diffusion  of  the  two  nitrates 
and  two  sulphates  coincided;  the  two  carbamates  fell 
about  3 '4  per  cent,  below  the  sulphates  and  nitrates,  but 
they  agreed  perfectly  with  each  other,  showing  a  uni- 
formity in  their  irregularity.  This  deviation  of  the  car- 
bonates would  appear  to  be  essential,  as  it  was  observed 
on  every  occasion  they  were  compared  with  the  sulphates. 

1469.  Crystalloid  and  colloid  substances. — We  have 
already  learned  that  different  substances  diffuse  in  an 
aqueous  atmosphere  unequally  in  equal  times.  The  dif- 
fusiye  power  of  some  substances,  lubumen  for  instanoey 
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18  very  low  compared  with  the  diffuBiye  power  of  o^er 
snbstancee,  such  m  chloride  of  sodium  and  hydrodilone 
acid.  Mr.  Graham  has  pointed  out  that  jnst  as  bodia 
can  be  divided  into  two  classes,  the  Tolatile  and  noa- 
Yolatile,  according  as  they  are  or  are  not  endowed  wA 
the  property  of  volatility,  so  in  like  manner  sabstanm 
can  be  divided  into  two  classes  according  to  Uie  degrK 
of  diffnsiye  power  tTiey  possess  io  (he  liquid  state;  aod 
this  difference  in  diffusive  power  appears  to  correspood 
with  differences  in  molecular  constitution  of  a  fiiiida- 
mental  nature. 

1470.  The  substances  which  have  a  comparatively  hi^ 
diffusive  power  have  generally  the  power  of  ci7ataIliBB<r- 
When  in  a  state  of  solution,  they  are  held  by  the  solvent 
with  a  certain  force.  The  solution  is  generaJl j  free  from 
viscosity,  and  always  sapid.    Their  reactions  are  eaer- 

§etic,  and  quickly  effected.  They  differ  in  the  degree  of 
iffusiveness.  Thus  hydrate  of  potash  may  be  said  to 
possess  double  the  velocity  of  aiffusion  of  snlphate  of 
potash ;  and  sulphate  of  potash,  again,  doable  the  velodtf 
of  sugar,  alcohol,  and  sulphate  of  magnesia.  Mr.  Graham 
has  proposed  to  designate  the  substances  fomaing  thtt 
class  crystalloids.* 

1471.  Substances  of  very  low  diffusive  power  belong 
to  a  different  order  of  chemical  substances.  The  snb- 
Btanoes  comprising  this  class  have  little  if  any  tendency  to 
crystallize,  and  they  affect  a  vitreous  structure.  They  are 
distinguished  by  the  gelatinous  character  of  their  solid 
hydrates.  In  these  hydrates  the  water  is  held  by  sad 
a  feeble  force  that  the  crystalloids  can  decompose  them 
by  removing  it.  The  crystalloids,  as  we  shall  learn  pte- 
sently ,  by  this  appropriation  obtain  a  medium  for  difTosiog 
in  and  throufsh  these  solid  compounds. 

Although  these  substances  of  low  diffusive  power  areoftaa 
largely  soluble  in  water,  they  are  held  in  solution  by  a 
feeble  power.  They  are  generally  precipitated  from  their 
solution  by  the  addition  of  any  cry  staJloia.  The  solntioD  of 
these  bodies  has  always  a  certain  degree  of  viscosity,  or 
gumminess,  when  concentrated.  They  appear  to  be  insipid, 
or  wholly  tasteless,  unless  when  they  undergo  decomposition 

*  The  bodies  belonginr  to  tbit  olan  are  not  all  trywUJMaM,  far  bjdr»- 
oh]orio«cid  and  alcohol  belong  to  thi«  elaaa. 


CBTSTALLOID  i.ND  COLLOID  8TTBSTA17CES.  669 

on  the  palate,  and  rise  to  sapid  crystalloids.  Gelatine 
lias  beeQ  taken  as  the  type  or  this  class,  and  they  have 
been  designated  colloids,  from  collin,  the  best  sort  of 
gelatine.  Among  the  colloids  rank  hydrated  silicic  acid 
and  a  number  of  soluble  hydrated  metallic  peroxides,  of 
"which  little  has  hitherto  been  known ;  also  starch,  the 
vegetable  gums,  and  dextrin,  caramel,  tannin,  albumen, 
ana  animal  and  vegetable  extractive  matters. 

1472.  As  we  can  separate,  by  means  of  distillation  or 
evaporation,  a  volatile  rrom  a  less  volatile  body,  so  by  the 
aid  of  diffusion  we  can  separate  one  substance  more  or 
less  com])letely  from  another.  Mr.  GnJiam  has  latterly 
employed,  in  place  of  the  process  we  have  already  de- 
scribed, and  which  he  terms  "  vial-difusion,"  a  still  more 
simple  arrangement,  in  which  he  dispenses  with  the  inner 
vessel,  and  employs  onlv  a  plain  cylindrical  glass  jar,  6 
inches  deep  and  3'45  inches  wide.  This  is  graduated,  from 
the  bottom  upto  within  an  inch  of  the  top,  into  sixteen 
equal  parts.  Distilled  water  is  first  introduced  into  the 
jar,  so  as  to  occupy  fourteen  of  the  divisions,  and  then,  by 
means  of  a  pipette  with  a  small  aperture,  the  liquid  to 
be  difiused  is  slowly  and  carefully  conveyed  to  the  bottom 
of  the  vessel,  so  as  to  form  a  distinct  stratum,  occupying 
two  divisions  ;  no  sensible  intermixture  of  the  two  liquicb 
takes  place  during  the  delivery,  if  sufficient  time  (five  or 
six  minutes)  is  occupied  in  allowing  the  liquid  to  flow  out 
of  the  pipette.  The  spontaneous  difiusion,  which  imme- 
diately commences,  is  allowed  to  go  on  for  a  period 
of  several  days  in  an  apartment  of  a  constant,  or  nearlj 
constant,  temperature.  Each  stratum,  or  division,  is 
then  separately  examined ;  this  is  effected  by  drawing  off 
very  carefully,  commencing  at  the  top,  a  division  at 
a  time,  by  means  of  a  small  syphon.  A  species  of  cohoba- 
tion  has  been  the  consequence  of  une(]^ual  diffusion,  the 
most  rapidly  diffusive  substance  being  isolated  more  and 
more  as  it  ascended.  The  higher  the  water  column,  suffi- 
cient time  being  always  given  to  enable  the  most  diffusive 
substance  to  appear  at  the  summit,  the  more  completely 
does  a  portion  of  that  substance  free  itself  from  the  less 
diffusive  substances  which  may  be  associated  with  it.  A 
marked  separation  is  effected  even  between  substances 
whose  difference  in  diffusive  power  is  very  small ;  as,  for 
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instance,  in  the  separation  of  chloride  of  potassium  from 
chloride  of  sodium,  of  which  the  relative  difiusibilities  are 
as  1  to  0*841.  The  experiments  recorded  in  Tables  TL 
to  XI.  were  obtained  by  this  method. 

Table  Y1.— Diffusion  of  10  per  cent,  solutions  (10  ynou. 
of  substance  in  100  cub.  cent,  of  fluid)  into  pure  feaitr^ 
ofler  14  days,  at  WC.  {60° F.). 


Number  of  stratum 
(from  above  down- 
wards). 

Chloride  of 
aodium. 

Sugar. 

Gam. 

Tanma. 

1 

•104 

•005 

•003 

•003 

2 

•129 

•008 

-003 

•003 

3 

•162 

•012 

•003 

•004 

4 

•198 

•016 

•004 

•003 

5 

•267 

•030 

•003 

•005 

6 

•340 

•059 

•004 

•007 

7        -        - 

•429 

•102 

•006 

•017 

8 

•635 

•180 

•031 

•031 

9 

•654 

•305 

•097 

■069 

10 

•766 

•495 

•215 

•145 

11 

•881 

•740 

•407 

•288 

12 

•991 

1^075 

•734 

•556 

13 

1-090 

1-435 

1157 

1050 

14 

1187 

1-758 

1-731 

1-719 

16  and  16     - 

2^266 

3-783 

5-601 

6097 

9-999 

10-003 

9-999 

9-997 

1473.  The  superimposed  column  of  water  being  HI 
millimetres  (4-38  inches)  in  height,  the  chloride  of  sodium, 
it  wiU  be  observed,  has  diffused  in  sensible  quantity  to 
the  top,  and  could  have  risen  higher,  the  upper  layer 
being  found  to  contain  0*104  gramme  of  salt,  or  1  percent, 
of  the  whole  quantity  present.  The  apex  of  the  diffusion 
column  of  sugar  appears  to  have  just  reached  the  top  of 
the  liquid  in  the  14  days  of  the  experiment,  for  '005  gram, 
only  of  that  substance  is  found  in  the  first  stratum, 
followed  by  008,  ^012,  016,  and  •OSO  in  the  following 
strata.    The    minute  quantities  of  gum  which,  appear 
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shown  in  tlie  Ist  to  the  6tb  stratum,  which  do  not  alto- 
gether exceed  "020  gram.,  are  due,  Mr.  Graham  believes, 
to  the  result  of  accidental  dispersion ;  so  that  the  gum  is 
not  carried  bj  diffusion  higher  than  the  7th  stratam  (2*2 
inches).  The  diffusion  of  the  tannin  is  even  less  advanced 
than  the  gum,  and  the  quantity  diffused  is  increased  by  a 
partial  decomposition,  to  which  tannin  is  liable,  and  which 
gives  rise  to  new  and  more  highly  diffusible  substances.* 
We  learn,  then,  from  the  results  of  the  experiments 
recorded  in  this  and  some  of  the  other  tables,  that  some 
substances  can  travel  to  the  extreme  limit  of  the  water, 
whilst  others  can  only  travel  a  short  distance  in  the 
aqueous  atmosphere. 

1474.  Experiments  continued,  like  those  last  described, 
for  a  constant  time,  do  not  exhibit  the  exact  relative 
diffusibilities,  although  these  could  be  obtained  by  pro- 
ceeding to  ascertain,  by  repeated  trial,  the  various  times 
required  to  bring  about  a  similar  distribution  and  equal 
amount  of  diffusion  in  all  the  salts.  The  numbers  ob- 
served, however,  may  afford  data  for  the  deduction  of  the 
relative  diffusibilities  by  calculation. 

1475.  A  particnlar  advantage  of  the  new  method  is  the 
means  which  it  affords  of  ascertaining  the  absolute  rate 
or  velocity  of  diffusion.  It  becomes  possible  to  state  the 
distance  which  a  salt  travels  per  second  in  terms  of  the 
metre.  It  is  easy  to  see  that  such  a  constant  must  enter 
into  all  chronic  phenomena  of  physiology,  and  that  it 
holds  a  place  in  vital  science  not  unlike  the  time  of  the 
falling  or  heavy  bodies  in  the  physics  of  gravitation. 

The  sulphate  of  magnesia  was  anhydrous.  Its  diffusion 
is  very  similar  to  that  of  sugar.  The  fall  in  the  rate  of 
diffusion,  on  passing  from  the  crystalloids  to  the  colloids, 
gum,  albumen,  tannin,  and  caramel,  is  very  striking. 
The  diffusion  of  the  caramel  is  the  slowest  of  all,  and  does 
not  much  exceed  in  14  days  the  diffusion  of  sugar  in  a 
single  day.  The  diffused  albumen  did  not  appear  to  lose 
its  coagulability,  or  to  be  otherwise  altered. 


*  To  the  low  diffasibility  of  tannin  may  be  ascribed  the  remarkably  slow 
penetration  of  skina  by  that  substance,  in  the  ordinary  operation  of  tanning 
leather. 
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Tablb  Nil,— Diffusion  of  \(\  per  cent  solutions  for  Uiayt, 


Number  ofBtrfttum 

Sulphate  of 

Albumen. 

Caramel, 

(from  aboTe  down- 

maeneHia, 

at  13°  to 

at  lO'^to 

wards.) 

^10°. 

13»6. 

II'. 

1 

•007 

2 

•oil 

... 

3 

•018 

• « • 

4 

•027 

... 

5 

•049 

6 

•086 

•003 

7 

•133 

•006 

8 

•218 

•010 

•010 

9 

•331 

•015 

•023 

10       .       ^ 

•499 

•047 

•083 

11 

•7aO 

•113 

•075 

12 

1^022 

•343 

•216 

13 

1-383 

•856 

•705 

14 

1-803 

1-892 

1-725 

16  and  16    - 

3-684 

6-725 

7206 

'10-000 

1 

10000 

10000 

1476.  It  was  considered  useful  by  Mr.  Graham  to 
possess  examples  of  the  profpress  of  diffusion,  in  one  or 
two  selected  substances,  ior  successiye  periods  of  time,  so 
as  to  exemplify  the  continuous  progress  of  diffusion  in 
these  substances.  Such  a  chronological  progress  of  dif- 
fusion in  a  particular  substance,  he  observes,  becomes  a 
standard  of  comparison  for  single  experiments  on  ihe 
diffusion  of  other  substances.  The  substances  seleeted 
were  chloride  of  sodium  and  cane  sugar. 
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Table  Till. — Diffusion  of  a  \Oper  cent,  solution  of  chlth 
ride  of  sodium  in  different  times. 


Nnmber  of  stratmn. 

In  4  daja 
at9°tol0«. 

In  5  days 
at  11«  76 

In  7  days 
at  90. 

In  14  days 
at  10°. 

1 

•004 

•004 

•013 

•104 

2 

•004 

•006 

•017 

•129 

3 

•005 

•Oil 

•028 

•162 

4 

•oil 

•020 

•051 

•198 

5 

•023 

•040 

•081 

•267 

6 

•040 

•075 

•134 

•340 

7 

•080 

-134 

•211 

•429 

8 

•145 

•233 

•318 

•536 

9 

•261 

•368 

•460 

•654 

10 

•436 

•689 

•640 

•766 

11 

•706 

•762 

•850 

•881 

12 

1031 

1090 

1^057 

•991 

13 

1-416 

1-357 

1317 

1090 

14 

1-815 

1-697 

1-527 

1187 

15  and  16    - 

4023 

3-613 

3-294 

2-266 

10000 

9-999 

9-998 

9-999 

Tablb  IX. — Diffusion  of  a  10  per  cent,  solution  of  cane 
sugar  in  different  times. 


Number  of 

Inlday 
at  10»76 

In  2  days 

In  6  days 

In  7  days 

In  8  days 

In  14  days 

stratam. 

at  10". 

at«°. 

atir». 

at»». 

at  10°. 

1      - 

•001 

•002 

•002 

•005 

2    - 

•002 

•002 

•003 

•008 

3    - 

•002 

•003 

•003 

•012 

4    - 

•002 

•004 

•004 

•016 

6    - 

•003 

•004 

•007 

•030 

6    - 

•005 

•007 

-012 

•059 

7    - 

•Oil 

•020 

•031 

•102 

8    . 

•002 

•002 

•024 

•051 

•072 

•180 

9    - 

-002 

•008 

•071 

•121 

•154 

•305 

10    - 

•005 

•027 

•170 

•260 

•304 

•495 

11    -        . 

-024 

•107 

•376 

•507 

•555 

•740 

12    - 

•133 

•344 

•727 

•897 

•858 

1-075 

13    - 

•597 

•930 

1^282 

1-410 

1-366 

1-435 

14    - 

1-850 

1940 

1-930 

1-950 

1-955 

1-758 

15aDdl6- 

7-386 

6-641 

5392 

4-760 

4-674 

3-783 

9-999 

9-999 

9-998 

9-998 

9-999 

10003 

2  X 
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The  scheme  of  the  diffusion  of  the  chloride  of  aodina 
may  afford  terms  of  comparison  for  the  metallic  salts, 
acids,  and  other  highly  diffusible  substances,  while  the 
scheme  of  su^ar  will  be  found  more  usefiil  in  appre- 
ciating the  diffusion  of  organic  and  other  less  dififusifak 
substuices. 

1477.  pomparative  experiments  were  made  with  chlotide 
of  sodium  and  hydrochloric  acid,  and  it  was  found  thit 
the  diffusion  of  hydrochloric  acid  in  3  days  correspofidi 
closely  with  the  diffusion  of  chloride  of  sodium  in  7  daji* 
Hydrochloric  acid  and  the  allied  h^dra  acids,  with  other 
monobasic  acids,  are  the  most  diffusire  substances  known. 

The  general  results  of  seyeral  series  of  experiments  may 

be  expressed  approximately  by  the  following  numbers:^ 

Approximate  timet  of  equal  diffusion. 


Hydrochloric  acid 

- 

-    1 

Chloride  of  sodium     - 

. 

-    2  33 

Sugar  - 

- 

-    7 

Sulphate  of  magnesia  - 

- 

-    7 

Albumen 

. 

-  49 

Caramel 

- 

-  98 

Experiments  were  made  W  changing  the  liquid  atmo- 
sphere, substituting  alcohol  for  water;  alcohobc  solotMHif 
of  acetate  of  potash,  iodine,  and  resin,  were  diffused  inU) 
alcohol. 

1478.  The  following  experiments  on  the  simoltaneoos 
diffusion  of  two  substances  in  the  same  fluid  were  ub- 
dertaken  with  the  object  of  separating  salts  of  unequal 
diffusibility,  and  to  test  the  applicaiion  of  diffusion  as  an 
analytical  process.  A  mixture  of  two  salts  being  placed 
at  the  bottom  of  the  jar,  it  may  be  expected  that  the  sslti 
will  diffuse  pretty  much  as  they  do  when  they  are  difi^oed 
separately  ;  the  more  diffusive  salt  trayelling  most  rapidly, 
and  showing  itself  first,  and  always  most  largely,  m  tbe 
upper  strata.  The  early  experiments  of  dimiBion  froo 
phials  had  shown,  indeed,  that  inequality  of  diffusion  is 
mcreased  by  mixture,  and  the  actual  separation  is  ooa- 
seouently  ^eater  than  that  calculated  from  the  relatire 
dinusibilities  of  the  mixed  substances.  Chlorides  of 
potassium  and  sodium  diffuse,  according  to  former  experi- 
ments, in  the  proportion  of  1  to  0*841.  They  therefore 
afford  the  means  of  obserring  the  amount  of  separation 
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iih»t  WAY  be  produced  by  a  very  moderate  difference  in 
diffufubility.  A  mixture  of  5  grams,  of  each  salt  in  the 
ufiual  100  cub.  cent,  of  water  was  diffused. 

Table  X. — Diffusion  of  a  mixture  ofh  per  cent,  qf  chloride 
qf  potassium,  and  6  per  cent*  <f  chloride  €f  sodium,  for  7 
rfajr*,  at  12°  to  13°. 


Number  of  sttfttum 

Chloride  of 
potasrinxn. 

Chloride  of 
Bodium. 

Total 
diffuBBte. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10       . 
11 
12 
13 
14 
15  and 

16     - 

•018 
•025 
•044 
•076 
•101 
•141 
•186 
•262 
•330 
•349 
•418 
•511 
•552 
-615 
1-385 

•014 
•016 
•014 
•017 
•034 
•063 
•104 
•151 
•212 
•351 
•458 
•569 
•684 
•772 
1-551 

•032 

•040 

•058 

•092 

•135 

•204 

•289 

•403 

•542 

•700 

•876 

1070 

1-236 

1-387 

2-936 

5-001 

4-999 

10-000 

1479.  The  table  shows  that  the  chloride  of  potassium  is 
in  excess  in  the  upper  strata ;  at  the  tenth  the  two  salts 
are  in  equal  proportion,  and  in  the  lower  strata  chloride 
of  sodium  preponderates.  It  is  evident  that  the  preceding 
experiment  might  be  so  conducted  as  to  diffuse  away  the 
cbloride  of  potassium,  leaving  below  a  mixture  containing 
chloride  of^ sodium  vd  relative  excess;  or,  by  takine 
the  upper  strata,  and  submitting  them  to  diffusion,  and 
by  continuing  to  repeat  this  difrasive  rectification  a  suffi- 
cient number  of  times,  a  portion  of  the  more  diffusive  salt 
might  be  obtained  at  last  in  a  state  of  sensible  purity. 

1480.  The  preceding  example  illustrates  the  separation 
of  unequally  diffusive  metals  or  bases;  the  following 
example,  on  the  other  hand,  the  separation  of  unequally 
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difiusiye  acids  united  with  a  common  base.  It  was  pKfei 
in  the  phial  experiments  that  chloride  of  sodium  and  sul- 
phate of  soda  diffuse  separately  in  the  proportion  of  1  to 
0-707. 

Table  XI. — Diffution  ofh  per  cent,  of  chloride  o/$o£m 
and  5  per  cent,  of  anhydrous  sulphate  ofsoda^fbr  7  isf, 
at  l(f  to  10^-76. 


i 


Chloride  of 

Solphste 

Total      , 

Number  of  stntom. 

sodium, 

of  soda. 

diffbaate.  1 

in  grams. 

in  grams. 

in  grama. 

1 

•009 

•009 

2        . 

•013 

"iooi 

•014 

3        -        - 

-024 

•002 

•026 

4        -        - 

•038 

•003 

•041 

5 

•Of50 

•006 

•066 

6 

•095 

•012 

•107 

7        -       - 

•141 

•029 

•170 

8 

•203 

•069 

-262 

9         .        . 

•278 

•115 

•393 

;  10     -     . 

•360 

•205 

•565 

1  11     -     . 

•473 

•317 

•790 

'     12        .        . 

•560 

•607 

1067 

1     13        .        - 

•637 

•694 

1-331 

14        .        . 

•718 

•909 

1-627 

15  and  16     - 

1-390 

2141 

3531 

4-999 

6-000 

9-999   1 

A  difference  in  the  acids,  it  will  be  seen,  occasions  b 
more  sensible  separation  than  a  difference  in  the  bases. 

1481.  In  order  to  test  how  long  the  diffusion  should  be 
continued  in  a  liquid  column  of  limited  height,  the  Itst 
diffusion  was  repeated,  but  the  diffusion  was  continued 

'  for  14  days.  Tne  proportions  of  the  two  salts  were  not 
dissimilar  to  those  obtained  in  the  diffusion  of  7  dajt; 
nothing  is  gained  in  the  way  of  separation,  therefore,  by 
extending  me  difiusion  period  from  7  to  14  dajs,  unless 
the  column  of  fluid  were  increased  in  height  at  the  same 
time. 

1482.  Mr.  Graham  remarks,  "It  might  be  worth  ob- 
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serving  whether  the  seDaration  of  two  unequally  diffusive 
Tnetals  can  be  favourea  by  varying  the  acid,  or  form  of 
oombination ;  whether,  for  instance,  the  hydrates  of  pot- 
ash and  soda  would  not  separate  to  a  greater  extent  than 
lias  been  observed  of  tbe  chlorides  of  potassium  and 
sodium,  the  separate  difiusibilities  of  the  former  sub- 
stances being  as  1  to  0*7,  while  that  of  the  latter  are  as  1 
'to  0*841.  I  have  not,"  he  says,  "  pursued  this  branch  of 
the  subject." 

1483.  He  goes  on  to  remark  that  the  separation  of  the 
same  metals  from  each  other  may  pdssibly  oe  favoured  in 
another  manner.    In  the  preceding,  the  two  metals  were 
in  union  with  the  same  acid.    But  the  metals  might  be 
used  in  combination  with  different  acids,  and  these  acids 
themselves  might  be  of  equal  or  unequal  diffusibUity.    If 
of  equal  diffusibility,  there  appears  no  reason  why  the 
acids  should  influence  the  amount  of  separation.    But  if  the 
acids  are  unlike  in  diffusibility,  the  case  is  not  so  clear.    If, 
for  instance,  the  potassium  were  in  the  form  of  chloride, 
and  the  sodium  of  that  of  sulphate,  might  not  the  diffusion 
of  the  potassium  be  promoted  by  the  highly  diffusive 
chlorine  with  which  it  is  associated,  and  the  diffusion  of 
the  soda,  on  the  other  hand,  be  retarded  by  its  association 
with  the  slowly  diffusive  sulphuric  acid  P    Will,  in  fine, 
the  separation  of  the  metals  be  greater  from  a  mixture  of 
chloride  of  potassium  and  sulphate  of  soda,  or  even  from 
sulphate  of  potash  and  chloride  of  sodium,  than  from  the 
two  chlorides,  or  from  the  two  sulphates  P    The  inquiry, 
it  will  be  remarked,  raises  the  whole  question  oi  the 
distribution  of  acid  and  base  in  solutions  of  mixed  salts. 
Mr.  Graham  instituted,  as  an  illustration,  a  comparison  of 
the  diffusion  of  chloride  of  potassium  mixed  with  sulphate 
of  soda,  with  the  diffusion  of  sulphate  of  potash  mixed 
with  the  chloride  of  sodium,  the  salts  bemg  taken  in 
ejjuivalent  proportions.    The  diffusions  were  strikingly 
similar,  indeed  they  might  be  considered  identical.    It 
thus  appears  that  the  diffusion  of  the  metals  is  not  affected 
by  the  acid  with  which  they  are  in  combination.    The 
result  is  quite  in  harmony  with  Berthollet's  view,  that  the 
acids  and  bases  are  indifferently  combined,  or  that  a  mix- 
ture of  chloride  of  potassium  and  sulphate  of  soda  is  the 
same  thing  as  a  mixture  of  sulphate  of  potash  and  chlo- 
ride of  soaium,  when  the  mixtures  are  in  a  state  of  solu- 
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tion.    Witli  two  acids  rerj  nnequal  in  their  affinity  (or 
bases  the  result  possibly  might  be  rery  difierent. 

1484.  JEjg^ect  of  temperaturs  on  diffusion, — BifTnmn  is 
promoted  by  heat:  separations  maj  aecordinglj  bt 
effected  in  a  shorter  time  at  hi^h  than  at  low  tempen* 
tores ;  bnt  the  more  highly  diffasive  the  subataaoe  tkelos 
does  it  appear  to  gain  by  heat. 

1485.  diffusion  of  crvstaUoid*  through  colloids. — ^If  ihs 
solid  hydrate  (jelly)  of  some  colloid  body  be  emplojed, 
instead  of  pore  water,  for  the  crj^s^Alloids  to  dmnse  in. 
Mr.  Graham  found  that  the  diffasion  of  the  ciTstalkidi 
proceeded  through  a  firm  jelly  with  little  or  no  BbateaBOl 
of  velocity ;  he  took,  for  mstanee,  10  gram,  of  chloride  of 
sodium  and  2  gram,  of  the  Japanese  gelatine,  or  g^ose  fd 
Payen ;  they  were  dissolyed  together  in  so  much  hot 
water  as  to  form  100  cub.  cents,  of  fluid.  The  jelly  nix- 
tare  was  introduced  into  the  empty  diffusion  jar  and 
allowed  to  cool ;  it  set  into  a  firm  jelly,  occupying  the 
lower  part  of  the  jar,  and  containing,  of  course,  10  per 
cent,  of  chloride  of  sodium.  Instead  of  placing  pme 
water  over  this  jelly,  it  was  covered  by  700  cub.  ee&ti.  of 
a  solution  contaming  2  per  cent,  of  the  same  ffeloee,  eocSkA 
00  far  as  to  be  on  the  point  of  gelatinizing,  tab  jar  at  the 
same  time  being  placed  in  a  cooling  mixture,  in  order  to 
expedite  that  change.  The  jar  with  its  contents  were 
then  left  undisturbed  for  8  days  at  the  temperature  10*  C. 
After  the  lapse  of  this  time  the  jelly  wss  removed  him 
the  jar  in  successive  portions  of  50  cub.  cents,  each,  firan 
the  top,  and  the  projjortion  of  chloride  of  sodium  in  the 
various  strata  ascertained.  The  results  were  very  similar 
to  those  obtained  in  diffusing  the  same  salt  in  a  jar  U 
pure  water.  The  difiusion  in  the  gelose  appeared  more 
advanced  in  8  days  than  diffusion  in  water  for  7  days,  si 
will  be  seen  by  comparing  the  following  table  (aTT.) 
with  Table  VIII. 
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Xable  XTI. — Diffusion  of  a  10  per  cent,  solution  qf  ehUh 
ride  qf  sodium  in  the  jelly  ofgelose^for  8  days,  cut  10*. 


NmnWrof 

Diitaite, 

KiuBlMror 

DiifeMto, 

■tnUuB. 

in  g^ftms. 

stratum. 

ini^nnM. 

1       • 

-      -016 

9       - 

'486 

2     . 

.      -016 

10     - 

•630 

3     - 

-      -026 

11    - 

•996 

4     - 

.      -036 

12     .        . 

1172 

6     - 

-      -082 

13     - 

1-190 

6     . 

-      -130 

14     . 

1-203 

7     - 

-      -212 

15  and  16  - 

3-460 

8     . 

-      -350 

1486.  With  a  ooloured  crystalloid,  snch  as  bichromate 
of  ]>ota8h,  the  mdtial  eleyation  of  the  salt  to  the  top  of  the 
jar  is  beautifuuy  iUustrated.  The  diffusion  of  a  salt  into 
the  solid  jelly  may  be  considered  as  cementation,  Mr. 
Graham  ooserres.  m  its  most  active  form.  If,  in  plaee  of 
a  crystalloid,  we  substitute  a  colloid  to  diffuse  thronffh 
the  jelly,  we  shall  see,  if  caramel  or  other  coloured  colloid 
be  employed,  that  the  dijSusion  will  scarcely  have  com- 
menced at  the  end  of  8  days. 

1487.  Gelose  is  not  the  only  colloid  which  is  per- 
meable to  crystalloids ;  the  jelly  of  starch,  that  of  animal 
muons,  of  pectin,  and  other  solid  colloidal  hydrates,  all  of 
which  are,  strictly  speaking,  insoluble  in  cold  water,  are 
permeable  when  m  mass,  as  water  is,  by  the  more  highly 
aiffusive  class  of  substances.  Bat  such  jellies  greatly 
resist  the  passage  of  the  less  difiusive  substances,  and  cut 
off  entirely  other  colloid  substances  like  themselves  that 
may  be  in  solution.  They  resemble  animal  membrane  in 
this  respect.  A  mere  film  of  jelly  has  the  separating  effect, 
as  is  illustrated  by  the  following  simple  experiment,  made 
by  Mr.  Graham. 

1488.  A  sheet  of  very  thin  and  well-sized  letter  paner, 
of  French  mani]^acture,  having  no  porosity,  was  nrst 
thoroughly  wetted,  and  then  Cdd  upon  the  surface  of 
water  contained  in  a  small  basin,  of  less  diameter  than 
the  width  of  the  paper,  and  the  latter  depressed  in  the 
centre,  so  as  to  form  a  tray  or  cavity  capable  of  holding  a 
liauid.  The  liquid  placed  upon  the  paper  was  a  mixed 
solution  of  cane  sugar  and  gum  arabio,  containing  5  per 
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cent,  of  eacli  substance.  Tke  pure  water  below  and  the 
mixed  solution  above  were  therefore  separated  only  br 
the  thickness  of  the  wet  sized  paper.  After  24  noun 
the  upper  liquid  appeared  to  have  increased  sensiblT  in 
Yolume,  through  the  agency  of  osmose.  The  water  bdow 
was  found  now  to  contain  three-fourths  of  the  whole 
sugar,  in  a  condition  so  pure  as  to  crystallize  when  the 
liquid  was  evaporated  on  a  water  bath.  Indeed ,  the  liquid 
orthe  basin  was  only  in  the  slightest  degree  disturbed  by 
Bubacetate  of  lead,'  showing  the  absence  of  all  but  a  trace 
of  gum.  Paper  of  the  description  used  is  sized,  by  means 
of  starch  The  film  of  gelatinous  starch  in  the  wetted 
paper  has  presented  no  obstacle  to  the  passage  of  the 
crystalloid  sugar  but  has  resisted  the  passage  of  the 
colloid  gum.  Mr.  Graham  believes  the  following  to  be 
the  mode  in  which  this  takes  place : — 

1489.  The  sized  paper  has  no  power  to  act  as  a  filter. 
It  is  mechanically  impenetrable,  and  denies  a  passage  to 
the  mixed  fluid  as  a  whole.  Molecules  only  permeate 
this  septum,  and  not  masses.  The  molecules  also  are 
moved  by  the  force  of  diffusion ;  but  the  water  of  the 

gelatinous  starch  is  not  directly  available  as  a  medium  for 
le  diffusion  of  either  the  sugar  or  gum,  being  la  a  state 
of  true  chemical  combination,  feeble  although  the  union 
of  water  with  starch  may  be.  The  hydrated  compound 
itself  is  solid,  and  also  insoluble.  Sugar,  however,  with 
all  other  crystalloids,  can  separate  water,  molecule  aAer 
molecule,  from  any  hydrated  colloid,  such  as  starch.  The 
sugar  thus  obtains  the  liquid  medium  required  for  dif- 
fusion, and  makes  its  way  through  the  gelatinous  septum. 
Gum,  on  the  other  hand,  possessing  as  a  colloid  an  affinity 
for  water  of  the  most  feeble  description,  is  unable  to 
separate  that  liquid  from  the  gelatinous  starch,  and  so 
fails  to  open  the  door  for  its  own  passage  outwards 
by  diffusion.  By  means,  therefore,  of  a  colloidal  sep- 
tum, crystalloids  can  be  separated  &om  colloids  by 
diffusion. 

1490.  The  separation  described  is  somewhat  analogous 
to  that  observed  in  a  soap-bubble  inflated  with  a  gaseous 
mixture  composed  of  carbonic  acid  and  hydrogen.  Neither 
gas,  as  such,  can  penetrate  the  water  film ;  but  the  car- 
bonic acid,  being  soluble  in  water,  is  condensed  and 
dissolved  by  the  water  film,  and  so  is  enabled  to  pass 
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Fie.  36. 


outwards  and  reach  the  atmosphere;  while  hydrogen, 
bein^  insoluble  in  water,  or  nearly  so,  is  retained  behind 
within  the  vesicle. 

1491.  Mr.  Graham  has  designated  by  the  term  dialysis 
the  separation  by  diffusion  through  a  septum  of  gelatinous 
matter.  The  most  suitable  substance  for  the  dialytic 
septum  Mr.  Graham  finds  to  be  the  material  known  as 
paper  parchment,  which  is  manufactured  hy  Messrs. 
De  la  Kue.  The  apparatus  used  in  the  process  is  called  a 
Dialyser,  and  is  made  by  stretching  a  piece  of  the  wetted 
paper  parchment,  which  has  been  soaked  for  about  a 
minute  in  distilled  water,  evenly  over  a  hoop  made  of 
wood, — or,  better,  of  gutta  percha, — of  about  2  inches  in 
depth,  and  of  any  convenient  diameter,  such  as  6,  8,  or 
10  inches,  so  as  to  form  a  vessel  like  a  sieve  in  form 

(Fig.  36).  The  parchment  is 
secured  to  the  hoop  by  string — 
or,  better,  by  a  second  or  outer 
hoop — which  keeps  it  in  its  place, 
and  allows  of  its  Deing  removed 
and  changed  when  necessary. 
The  paper  parchment  should  be  large  enough  to  come  up 
to  the  upper  edge  of  the  hoop,  so  that  the  liquid  may  be 
prevented  from  passing  between  them.  There  must  be  no 
small  holes  in  the  paper  parchment.  To  ascertain  this,  put 
some  distilled  water  in  the  dialyser,  to  the  depth  of  a 
quarter  of  an  inch,  and  then  place  the  dialyser  on  some 
white  blotting  paper.  If  any  wet  or  dark  spots  appear, 
they  indicate  the  existence  of  small  holes.  To  close  such 
holes,  apply  to  the  under  surface  of  the  paper  about  the 
holes  some  liquid  albumen,  put  on  a  small  patch  of  paper 
parchment,  andiron  the  patch  with  a  hot  smooth  iron.  This 
coagulates  the  albumen,  fixes  the  patch,  and  closes  the  hole. 

1492.  The  dialyser  being  prepared,  the  liquid  to  be 
dialysed  is  poured  into  it,  to  the  depth  cf  not  more  than 

half  an  inch,  and  the  dia- 
lyser is  then  to  be  floated 
on  distilled  water  contained 
in  a  flat  basin  (Fig.  37). 
The  volume  of  water  in  the 
basin  should  be  from  5  to 
10  times  greater  than  the 
volume  of  the  fluid  placed 


Fig.  37. 


6»Z  DIFFUSION  OF  CBYST^LLOIDS 

in  the  dialyser.  The  liqnid  is  then  left  to  dialyBe  for 
about  24  hours.  A  much  less  volume  of  external  water 
suffices,  provided  it  is  changed  at  intervals  of  a  fev 
hours.  The  apparatus  may,  of  course,  be  varied  in  a 
variety  of  ways.  The  paper  parchment  and  other  sep- 
tums  are  suitable  only  for  a<^aeous  solutions ;  a  aeptiim 
suitable  for  dialysing  alcohoho  or  etherial  solutions  has 
yet  to  be  discovered. 

1493.  A  dialyser  of  6  inches  diameter  serves  to  openle 
upon  7  or  8  fluid  ounces  of  liquid;  one  of  8  mehes 
diameter  for  12  or  14  fluid  ounces;  one  of  lO  inchei 
diameter  for  20  fluid  ounces ;  and  1  of  12  inches  diameter 
for  30  fluid  ounces.  The  wider  the  dialyser,  and  tbe 
greater  the  quantity  of  distilled  water  used  in  the  outer 
Dasin,  the  more  rapid  and  effective  is  tlie  difi^usion. 

1494.  Mr.  Graham  obtained  the  results  recorded  in  &e 
table  with  100  cub.  cents,  of  a  solution  contoiBaa^  10 
grammes  of  each  of  the  various  substances.  The  area  of 
the  paper  parchment  septum  was  0*006  square  metre,  and 
the  depth  of  the  stratum  of  fluid  placed  upon  it  20  miDi- 
metres.  The  substances  diflused  were  all  crystalloids, 
with  the  exception  of  gum  arabic. 


Tab£B  XIII. — Dialysis  through  parchni^nt  paper  dmria^ 
24  hours,  at  10**  to  15°  C. 


Ten  per  cent,  solutiona. 

DiffuMto, 
in  g  amft 

diffuMte. 

Gum  arable  - 

0029 

•004 

Starch  sugar 

2000 

•266     1 

Cane  sugar   - 

1607 

•214     ' 

Milk  sugar    ... 

1-387 

•186 

Mannite        -        -        - 

2-621 

•349 

1 

Glycerine 

3-300 

•440 

Alcohol         .        -        - 

3-670 

•476 

Chloride  of  sodium 

7-500 

1-000 

1496.  Solutions  of  the  same  substances  and  of  the  same 
strength  were  dialysed  through  a  layer  of  animal  mucus, 
taken  from  the  stomach  of  a  pig,  12  millimetres  in  thick- 
ness (10  grams,  of  humid  mucus  being  spread  over  0*005 
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sqttare  metres  of  surface),  and  placed  between  two  discs 
of  calico.  * 

Tablb  XXY. — Dialysis  tkrouah  animal  mucus  during  25 
hours,  ai  l(f  to  16°  C. 


Ten  per  cent,  •olations. 

DiAisate, 
in  grrftmt. 

Proportional 
diffWe. 

Gum  arabic  - 

Starch  sugar 

Cane  sugar  - 

Milk  sugar   - 

Mannite        -        -     *  - 

Alcohol 

Glycerine      -        -        - 

CiUoride  of  sodium 

•023 
1-821 
1-763 
1-328 
1-896 
2-900 
2-554 
6-054 

•004 
•360 
•347 

•262       1 
•376 
-573 
-605 
1-000 

The  relative  diffusibilities  of  the  different  substances 
present  a  considerable  degree  of  similarity  in  the  two 
tables,  and  are  equally  analogous  to  the  diffusibilities  of 
the  same  substances  observed  in  pure  water ;  the  inter- 
yention  of  a  colloid  septum  not  haying  impeded  much  the 
diffusion  of  any  of  these  substances  except  the  coUoid 
gum. 

1496.  Salts  appesr  to  preserve  their  usual  relative  dif- 
fusibility  unchuiged  by  the  intervention  of  the  septum. 
Hie  same  partial  sepantion  of  mixed  salts  was  observed- 
by  dialysing  them  as  in  the  water  jar.  With  a  mixture, 
for  instance,  of  equal  parts  of  chlcnides  of  potassium  and 
sodium  in  the  diafyser,  the  first  tenth  part  of  the  mixtute 
which  passed  through  was  found  to  consist  of  59*  17  per 
cent,  of  chloride  of  potassium,  and  40*83  per  cent,  of 
chloride  of  sodium.  Double  salts,  also,  such  as  alum, 
and  the  sulphate  of  copper  and  potash,  which  admit  of 
being  resolved  into  pairs  of  une<]^ually  diffusive  salts,  were 
largely  decomposed  upon  the  dialjser,  as  they  are  in  the 
water  jar.  Tne  effect  of  heat  m  promoting  diflusion 
a|>pears,  however,  to  be  diminished  m  dialysis,  at  least 
with  a  paper  parchment  septum.  Thus  the  dfiffusion  from 
a  2  per  cent,  solution  of  cbloride  of  sodium  in  a  constant 
period  of  3  hours,  was— 
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AtlO°C. 
At  20 
At  30 
At  40 


-  0-738  gram.  1 

-  0-794    „  107 

-  0-892    „  1-20 
.  1017    „  1-37 


The  rate  of  diffusion  in  water  alone,  without  the  aeptnm, 
would  have  been  doubled  by  an  equal  rise  of  temperature, 
instead  of  being  increased  one-third  only,  as  above. 

1497.  If  it  is  desirable  to  have  a  constant  flow  of  water 
passing  oyer  the  lower  surface  of  the  septum  of  the  diaJj- 
ser,  so  as  to  offer  as  little  obstruction  as  possible  to  diffu- 
sion, the  following  apparatus  (Fig.  38),  devised  by  Dr. 


Pio.  38. 

Eedwood,  will  be  found  convenient.  It  consists  of  a 
receiver,  A,  which  is  represented  standing  on  a  block  of 
wood,  B,  and  over  the  mouth  of  the  receiver  is  placed  a 
flat-bottomed,  shallow  dish,  C,  with  a  central  tube  passing 
into  the  neck  of  the  receiver,  and  having  on  its  bottom  a 
grooved  plate  of  gutta  percha,  shown  in  the  separate  figure 
X.  The  depth  of  the  groove  in  this  plate  is  about  one- 
eighth  of  an  inch,  and  through  this  the  water  runs  in  a 
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continiioiis  stream  from  Y,  passing  off  at  Z  through  a 
small  tube  into  the  receiver.  The  dialyser,  D,  rests  on 
the  grooved  plate,  the  water  which  fills  the  groove  being 
in  contact  with  the  lower  surface  of  the  septum.  E  is  a 
bottle,  from  which  the  water  rans  throogh  the  small  stop- 
cock and  tube  into  the  grooved  plate.  Instead  of  the 
grooved  plate  of  gutta  percha,  the  groove  might  be  made 
in  the  bottom  of  the  dish  itself 

1498.  Before  entering  upon  the  application  of  dialysis, 
we  must  refer  again  to  the  radical  distinction  which,  Mr. 
Ghraham  believes,  exists  between  colloids  and  crystalloids, 
both  as  regards  their  molecular  constitution  and  their 
chemical  properties.  Every  physical  and  chemical  pro- 
perty is  characteristically  modified  in  each  class,  l^ey 
appear  like  difierent  worlds  of  matter,  and  give  occasion 
to  a  corresponding  division  of  chemical  science.  The 
distinction  oetween  these  kinds  of  matter  is  that  subsist- 
ing between  the  material  of  a  mineral  and  the  material  of  an 
organized  mass.  The  hardness  of  the  crystalloid,  with  its 
crystalline  planes  and  angles,  is  replaced  in  the  colloid  by 
a  degree  of  softness,  with  more  or  less  of  rounded  outline. 
This  peculiar  struotore  of  the  colloids,  with  their  chemical 
indifierence,  appear  to  be  required  in  substances  that  can 
intervene  in  the  organic  processes  of  Hfe;  the  plastic 
elements  of  the  animal  body  are  consequently  members  of 
this  class.  The  water  of  crystallization  in  the  crystalloids 
is  represented  bv  the  water  of  gelatination  in  the  colloids. 
The  water  in  gelatinous  hydrates  is  aptly  described  by  M. 
Chevreul  as  retained  by  "  capillary  affinity,''  that  is,  by 
an  attraction  partaking  both  of  the  physical  and  chemical 
character.  While  Mr.  Graham  admits  that  chemical 
affinity  of  the  lowest  degree  may  shade  into  capillary 
attraction,  he  believes  that  the  character  of  gelatinous 
hydration  is  as  truly  chemical  as  that  of  crystalline  hydra- 
tion. 

1499.  Gelatinous  hydrates  always  exhibit  a  certain  ten- 
dency to  aggregation,  as  is  seen  in  the  jelly  of  hydrated 
sUioio  acid  and  alumina.  With  some  the  jelly  is  also  ad- 
hesive, as  in  glue  and  mucus.  But  unless  they  be  soluble 
in  water,  gelatinous  hydrates,  when  once  formed,  are  not 
in  general  adhesive.  Separated  masses  do  not  reunite 
when  brought  into  contact.  This  want  of  adhesiveness  is 
very  rema»able  in  the  gelose  of  Payen,  which  resembles 
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gelatme  bo  cloeelj  in  other  reepects.  Layen  of  a  gdoie 
eolation,  allowed  to  cool  and  gelatinize  in  sacceasion,  in  a 
diffusion  jar,  do  not  adhere  together. 

1500.  The  colloidal  character  is  not  obliterated  bj  lique- 
faction, and  is  therefore  more  than  a  modification  of  the 
phyeical  condition  of  the  solid.  Some  colloids  are  e<diifak 
in  water,  as  gelatine  and  ffom  arabie ;  and  some  are  ioao- 
Inble,  like  gum  tragacantn.  Borne  colloids,  again,  fofm 
solid  eompounds  with  water,  as  gelatine  and  gum  traga- 
cantii ;  while  others,  like  tannin,  do  not.  In  such  pomti 
the  colloids  exhibit  as  great  a  diversity  of  property  as  the 
crystalloids.  A  certain  parallelism  is  maintained  between 
the  two  classes,  notwithstanding  their  differences. 

1601.  The  phenomena  of  the  solution  of  a  salt  or  crys- 
talloid probably  all  appear  in  the  solution  of  a  colloid, 
but  greatly  reiluoed  in  decree.  The  process  becomes 
slow;  time,  indeed,  appearing  essential  to  all  ooUoidsi 
changes.  The  change  of  temperature  usuaUy  oocnrring 
in  the  act  of  solution  becomes  barely  perceptible.  We 
have  already  noticed  that  the  solution  is  tiscous  or  ffominy, 
that  the  coUoid  is  retained  in  solution  by  a  feeble  force, 
and  that  they  are  generall]^  preoipitatea  by  adding  to 
their  solution  any  crystalloid.  Of  all  the  properties  of 
liquid  colloids,  tncir  slow  diffusion  in  water,  and  their 
arrest  by  colloidal  septa,  are  the  most  serriceable  in 
distinguishing  them  from  the  crystalloids. 

1502.  Soluble  crystalloids  are  always  highly  sapid; 
soluble  colloids  are  singularly  insipid.  It  is  doubtful 
whether  a  colloid,  when  tasted,  ever  reaches  the  sentient 
extremities  of  the  nerves  of  the  palate,  as  the  latter  are  pro- 
bably protected  by  a  colloidal  membrane  impermeable  to 
soluble  substances  of  the  same  physical  constitution.  It 
has  been  observed  that  vcffetable  gum  is  not  digested  in 
the  stomach.  The  coats  of  that  organ  dialyse  ike  soluble 
food,  absorbing  crystalloids  and  rejecting  all  colloids. 
This  action  appears  to  be  aided  by  the  thick  coating  of 
mucus  which  usually  lines  the  stomach. 

1503.  The  secretion  of  free  hydrochloric  add  dniine 
digestion,  at  times  most  abundant,  appears  to  depend 
upon  processes  of  which  no  distinct  conception  has  been 
formed ;  but  certain  colloidal  decompositions  are  e^ally 
inexplicable  upon  ordinanr  chemical  views.  To  facilitate 
the  separation  of  hydrochloric  acid  from  the  perchloiide 
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of  iron,  for  instance,  that  salt  is  first  rendered  basic  by 
the  addition  of  peroxide  of  iron.  The  comparatively  stable 
perchloride  of  iron  is  transformed  by  sncn  treatment  into 
a  feebly-constituted  colloidal  hydroehlorate.  The  latter 
compound  breaks  up,  under  the  purely  physical  affency 
of  (ufifusion,  and  divides  on  the  dialyser  mto  couoidaL 
peroxide  of  iron  and  free  hydrochloric  acid.  The  super- 
induction  of  the  colloidal  condition  may  possibly  form  a 
stage  in  many  analogous  organic  decompositions. 

1504.  Although  colloids  can  generally  be  precipitated 
from  their  aqueous  solution  by  the  addition  of  any  crys- 
talloids, and  likewise  that  any  of  the  latter  class  can 
decompose  the  solid  hydrates  of  the  former  by  taking 
away  the  water,  nevertheless,  anhydrous  colloids  can 
decompose  certain  crystalloid  hydrates.  The  water  in 
alcohol  of  greater  strength  than  corresponds  with  the 
density  0*926,  which  represents  the  aefinite  hydrate 
C4  H«  Oa  +  6  H  O,  is  certainly  in  a  state  of  chemical 
union ;  but  alcohol  so  high  as  0*906,  contained  in  a  close 
vessel,  is  concentrated  in  a  notable  degree  by  contact 
with  dry  mucus,  gelatine,  and  gum,  and  sensibly  even 
by  dry  parchment  paper.  Dilute  alcohol,  divided  from 
the  air  of  the  atmosphere  by  a  dry  septum  of  mucus, 
gelatine,  or  gum,  is  also  concentrated  by  evaporation,  as 
in  the  well-known  bladder  experiment  of  Sommenng, 
The  selective  power  is  here  apparent  of  the  colloid  for 
water,  that  fluid  being  separated  from  alcohol,  and  travel- 
ling through  the  colloidal  septum  by  combination  with 
successive  molecules  of  the  latter,  till  the  outer  surface  is 
reached,  and  evaporation  takes  place.  The  penetration  in 
this  manner  of  a  colloid  by  a  foreign  substance  may  be 
taken  as  an  illustration  of  the  phenomena  of  cementation. 
Iron,  and  other  substances  which  soften  under  heat,  may 
be  supposed  to  assume  at  the  same  time  a  colloidal  con- 
stitution ;  so  it  may  be  supposed  does  silica,  when  fused 
into  a  glass  by  heat,  and  every  other  vitreous  substance. 

1605.  As  regards  chemical  properties,  the  crystalloidal 
appears  the  energetic  form,  and  the  colloidal  the  inert 
form  of  matter.  In  their  capacity  as  acids  and  bases,  the 
colloids  are  very  inert.  When  in  union  with  a  crystalloid, 
they  are  united  with  only  a  feeble  force,  even  if  the 
crystalloid  be  a  powerful  reagent  of  its  own  class,  such  as 
an  acid  or  an  alkali.    The  equivalent  of  a  colloid  appears 
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to  be  always  High,  althongli  the  ratio  between  the 
elements  of  the  substance  may  be  simple.  Oammic  acid, 
for  instance,  may  be  represented  by  C,tHuOu;  but 
judging  from  the  small  proportions  of  lime  and  potash 
which  suffice  to  neutralize  this  acid,  the  true  numbers  of 
its  formula  must  be  several  times  greater.  Mr.  Grraham 
remarks,  "It  is  difficult  to  avoid  associating  the  inert- 
ness  of  colloids  with  their  high  equivalents,  particulariy 
when  the  high  number  appears  to  be  attained  by  the 
repetition  of  a  smaller  number.  The  inouiry  au^esti 
itself,  whether  the  colloid  molecule  may  not  oe  constituted 
b]r  the  grouping  together  of  a  number  of  smaller  crystsl- 
loid  molecules,  and  whether  the  basis  of  colloidality  may 
not  really  be  this  composite  character  of  the  molecule.^ 

1506.  Silicic  acid  can  exist  both  as  a  crystalloid  and  a 
colloid.  Mr.  Graham  has  designated  it  in  its  latter  state, 
co-silicic  acid.  The  equivalent  of  co-silicic  acid  appears  to 
be  36  times  greater  than  the  silicic  acid  in  its  crystalloid 
state.  The  apparently  small  proportion  of  acid  in  a 
variety  of  metallic  salts,  such  as  certain  red  salts  of  iron, 
is  accounted  for  by  the  high  colloidal  equivalent  of  their 
bases.  The  effect  of  such  an  insoluble  colloid  as  Pnusisn 
blue  in  carrying  down  small  proportions  of  the  precipi- 
tating salts,  may  admit  of  a  similar  explanation. 

1507.  Gelatine  ajjpears  to  hold  an  important  place  as  a 
colloidal  base.  This  base  unites  with  colloionl  acids, 
giving  a  class  of  stable  compounds,  of  which  tanno-gelatiae 
only  appears  to  be  hitherto  known.  Gelatine  is  precipi- 
tated entirely  by  a  solution  of  metaphosphonc  acid, 
added  drop  by  drop,  100  parts  of  gelatine  uniting  with 
d'6  parts  of  the  acid.  The  compound  formed  is  a  semi- 
transparent,  soft,  elastic,  and  strin||n^  solid  mass,  pre- 
senting a  startlinj^  resemblance  to  ammal  fibrin.  It  will 
be  an  interesting  mquiry,  Mr.  Graham  remarks,  whether 
metaphosphoric  acid  is  a  colloid,  and  enters  into  the  oom- 
pouna  described  in  that  character,  or  is  a  crystalloid,  as 
the  small  proportion  and  low  equivalent  of  the  acid  would 
suggest. 

1508.  Although  chemically  inert  in  the  ordinary  sense, 
ooUoids  are  eminently  chuacterised  by  the  quality  of 
mutability.  Their  existence  is  a  continued  metastasis. 
A  colloid  may  be  compared  in  this  respect  to  water,  while 
existing  liquid,  at  a  temperature  under  its  usual  fireezing 
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point,  or  to  a  Bnpersaturated  saline  solution.  Fluid 
colloids  appear  to  nave  always  a  pectous*  modification. 
They  become  pectous  and  insoluble  by  contact  with 
certain  other  substances,  without  combining  with  these 
substances,  and  often  under  the  influence  of  time  alone. 
The  pectizing  substance  appears  to  hasten  merely  an 
impending  change.  Even  while  fluid  a  colloid  may  alter 
sensibly,  from  colourless  becoming  opalescent ;  ana  while 
pectous  the  degree  of  hydration  may  become  reduced 
from  internal  change.  The  gradual  progress  of  alteration 
in  the  colloid  efiected  by  the  agency  of  time  is  an  inves- 
tigation yet  to  be  entered  upon.  The  solution  of  co- 
sincic  acid,  for  example,  cannot  be  preserved;  it  may 
remain  fluid  for  days  or  weeks  in  a  sealed  tube,  but  is 
sure  to  gelatinize  and  become  insoluble  at  last.  Nor  does 
the  change  of  this  colloid  appear  to  sto^  at  that  point; 
for  the  mineral  forms  of  silicic  acid  deposited  from  water, 
such  as  flint,  are  often  found  to  have  passed,  during  the 
geological  ages  of  their  existence,  from  the  vitreous,  or 
colloidal,  uito  the  crystalline  condition.  The  colloidal  is, 
in  fact,  a  d^amical  state  of  matter;  the  crystalloidal  being 
the  statical  condition.  The  colloid  possesses  enebqla.. 
It  may  be  looked  upon  as  the  probable  primary  source  of 
the  force  appearing  in  the  phenomena  of  vitality.  To 
the  gradual  manner  in  which  colloidal  changes  take  place 
(for  they  always  demand  time  as  an  element)  may  the 
characteristic  protraction  of  chemico-organic  changes  also 
be  referred. 

1509.  We  must  preface  our  description  of  the  curious 
and  extraordinary  state  in  which  a  number  of  colloid 
bodies  have  been  obtained  b^  Mr.  Graham  by  means  of 
dialysis,  by  describing  the  mterestin^  discovery  which 
Mr.  W.  Crum  made  some  years  ago,  viz.,  that  there  is  a 
form  of  alumina  which  is  soluble  in  water.  He  found  in 
bis  investigation  of  the  aluminous  compounds  and  their 
properties,  that  there  are  two  binacetates  of  alumina ;  one 
IB.  soluble  in  water ;  the  other,  which  may  be  considered 

*  From  s  Oreek  word  lignifymg  curdled,  as  fibrin,  euein,  albumen ;  but 
certain  Ut^nid  colloid  tttbetances  are  capable  of  forming  a  jcUj,  and  yet  still 
remain  liqoefiable  by  heat  and  soluble  in  water.  Such  is  gelatine  itself, 
which  IB  not  pectous  in  the  condition  of  animal  jeUy,  but  may  be  so  as  it 
exists  in  the  gelatinous  tissues. 

2t 
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an  allotropic  binacetate,  is  insoluble.  Wben  a  diliiie 
solution  of  the  soluble  binacetate  is  exposed  to  Keat  for 
some  days,  the  whole,  or  nearly  the  whole,  of  the  acetk 
acid  becomes  free,  and  is  expelled  by  the  heat,  and  the 
alumina,  which  is  thus  set  free,  is  soluble  and  rematHS  i» 
solution ;  and  it  is  instantly  coag[ulated  on  adding  t^  its 
solution  a  minute  quantity  of  a  mineral  or  yeffetable  acid, 
or  one  of  the  alkalies ;  it  is  also  coasulatea  by  a  great 
number  of  salts,  and  by  decoctions  of  dye-woods.  A  solu- 
tion of  this  alumina,  containing  only  \  per  cent,  of  alumina, 
is  converted  into  a  solid  transparent  jelly  when  mixed 
with  half  its  bulk  of  water  acidulated  with  ^  of  sulphuiie 
acid.  The  jelly  has,  therefore,  only  J,  of  its  weight  of 
alumina,  and  ^  of  sulphuric  acid.  The  coagulated  alu- 
mina is  iDBoluble  in  any  acid,  whether  cold  or  hot,  as 
well  as  in  pure  water ;  it  dissolves,  however,  in  a  boiling 
solution  of  potash  or  soda,  and  when  the  alkaline  solutioa 
is  afterwards  saturated,  the  ordinary  terhy drate  of  alumina 
is  precipitated.  As  regards  the  alumina  in  its  soluble 
form,  we  may  add  that  it  is  incapable  of  acting  aj  a 
mordant,  ana  it  is  also  incapable  of  entering  into  any 
other  definite  combination.* 

1510.  The  sesquioxide  of  iron,  the  sesquioxide  of  chzo* 
mium,  alumina,  &c.,  when  added  in  their  hydrated  state  to 
a  solution  of  their  salts  of  the  monobasic  acids,  such  as  hy- 
drochloric and  nitric,  will  dissolve  in  large  (quantities  in 
these  solutions  in  the  course  of  time :  the  solution  demands 
time ;  the  quantity  of  the  oxide  taken  up  will  therefore 
^o  on  increasing  for  a  long  time,  if  digestion  in  the  cold 
18  continued.  Mr.  Ordway  found  sesquichloride  of  iron 
to  take  up  so  much  as  18  equivalents  of  peroxide  of  iron  in 
the  course  of  5  months.  Now  these  basic  salts  are 
colloidal  bodies,  and  the  neutral  salts  are  crystalloidal. 
If  solutions  of  the  neutral  salts  are  placed  in  the  dialyser 
the  salts  diffuse  away  without  decomposition ;  but  if  Uie 
coUodial  salts  (the  basic  salts)  are  placed  in  the  dialyser, 
the  acid  diffuses  away,  and  the  base  is  left,  but  in  such  a 
curious  state  that  it  is  soluble  in  water,  and  is  coagulated 
on  the  addition  of  foreign  matter  to  its  solution. 

1511.  Sulphuric  and  other  polybasic  acids  give  insoluble 
subsalts  with  excess  of  ferric  oxide,  or  any  other  aluminous 

*  Chemeal  Society' 9  Qjuarterljf  Journal  t!.,  216. 
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oxide,  and  therefore  they  cannot  be  employed  for  these 
solutions  of  the  oxides. 

1512.  Mr.  Graham  dialysed  a  solution  of  alumina  in 
chloride  of  aluminum,  consisting  at  first  of  52  parts  of 
alumina  to  48  of  hydrochloric  acid:  after  a  dialysis  of 
6  days,  it  contained  66*5  per  cent,  of  alumina ;  after  11 
days,  76' 5  per  cent. ;  after  l7  days,  92*4  per  cent. ;  and  after 
25  days  the  alumina  appeared  to  be  as  nearly  as  possible 
free  from  acid,  as  traces  only  of  hydrochloric  acid  were 
indicated  by  an  acid  solution  of  nitrate  of  silver.  But  in 
such  experiments  the  alumina  often  pectizes  in  the  dialy  ser 
before  the  hydrochloric  acid  has  entirely  escaped. 

1513.  Acetate  of  .alumina  with  an  excess  of  alumina 
ffaye  similar  results.  The  alumina  remained  fluid  in  the 
dialyser  for  21  days,  and  when  it  pectized  was  found 
to  retain  3*4  per  cent,  of  acetic  acid,  which  is  in  the 
proportion  of  1  equivalent  of  acid  to  28*2  equivalents 
of  uumina. 

1514.  Soluble  alumina  is  one  of  the  most  unstable  of 
substances,  a  circumstance  which  fully  accounts  for  the 
difficulty  of  preparing  it  in  a  state  of  purity.  It  is 
coagidated  or  poetized  bv  portions  so  minute  as  to  be 
scarcely  appreciable  of  sulphate  of  potash,  and,  Mr.  Gra- 
ham believes,  by  all  other  salts,  and  also  by  ammonia. 
A  solution  containing'  2  or  3  per  cent,  of  alumina  was 
coagulated  by  a  few  £ops  of  well-water,  and  could  not  be 
transferred  from  one  glass  to  another,  unless  the  glass  was 
re]^eatedly  washed  out  by  distilled  water,  without  gela- 
tinizing. Acids  in  small  quantities  also  cause  coagulation; 
but  the  precipitated  alumina  readily  dissolves  in  excess  of 
acid,  showing  that  it  is  not  the  same  form  of  soluble 
alumina  which  Mr.  Crum  discovered.  There  are,  as  we 
shall  see  more  at  length  presently,  two  soluble  modifica- 
tions of  alumina, — alumina,  which  is  the  one  we  are  at 
present  describing ;  Mr.  Crum's  alumina,  which  is  termed 
"  metalumina." 

1515.  The  colloids  gum  and  caramel  precipitate  this 
alumina.  It  is  also  a  mordant,  and  in  fact  possesses  all 
the  properties  of  the  base  of  alum  and  the  ordinary 
aluminous  salts.  A  solution  containing  0*5  per  cent,  of 
alumina  may  be  boiled  without  gelatinizing,  but  when 
concentrated  to  half  its  bulk,  it  suddenly  coagulates. 
Soluble  alumina  gelatinizes  when  placed  upon  red  litmus 
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paper,  and  forms  a  faint  blae  rinfi^  abont  the  drop,  abowiiig 
a  feeble  alkaline  reaction.  Soluble  alumina  u  not  pre- 
cipitated by  alcohol  nor  by  sugar.  No  pnre  solution  of 
alumina,  although  dilute,  remains  fluid  for  more  tliaa  t 
few  days.  Colloid  alumina,  we  see  then,  may  exist  eUAa 
fluid  or  pectouB ;  in  other  words,  it  has  a  soluble  and  an 
insoluble  form,  the  latter  being  the  gelatinous  alumina,  as 
precipitated  by  bases.  It  is  evident  that  the  extraordinary 
coagulating  action  of  salts  upon  hydrated  alumina  mini 
prevent  the  latter  substance  from  ever  appearing  in  a 
soluble  state  when  liberated  from  combination  bj  means 
of  a  base. 

1516.  Colloidal  alumina  possesses  also  a  higli  atomie 
weight,  like  co-silicic  acid.  The  chloride  of  alumina,  witk 
excess  of  alumina,  is  a  colloidal  hydrochlorate  of  aluoiiBi» 
containing  the  latter  substance,  with  its  large  ooDoidal 
equivalent,  and  may  be  really  neutral  in  oompositioa. 
The  soluble  basic  persalts  of  iron,  tin,  &C,,  are  likewise 
all  colloidal,  and  hare,  no  doubt,  a  similar  compositiot 
Such  colloidal  salts,  we  have  already  noticed,  are  them- 
selves slowly  decomposed  on  the  dialyser,  being  resolved 
into  the  crystal loidal  acid,  which  escapes,  and  the  colloidii 
oxide,  which  remains  behind. 

1617.  The  metalumina  of  Mr.  Crum  can  be  obtained 
by  dialysing  a  solution  of  acetate  of  alumina  which  has 
been  altered  by  heat.  In  3  days  the  acetic  acid  was 
reduced  on  the  dialyser  to  II  per  cent.,  giving  1  equi- 
valent of  acetic  acid  to  8  eq^uivalents  of  alumina ;  in  6 
da^s,  to  7' 17  per  cent,  acid ;  m  13  da^s,  to  2*8  per  cent 
acid,  or  1  equivalent  of  acid  to  33  equivalents  of  alumina 
The  solution  of  metalumina  is  tasteless,  and,  according  to 
Mr.  Graham's  observations,  entirely  neutral  to  test-paper. 
Metalumina,  we  have  noticed,  is  coagulated  by  acids,  ie. ; 
like  alumina,  therefore,  it  has  a  fluid  and  pectous  form. 

1618.  Soluble  peroxide  of  iron  and  soluble  metaperoxide 
can  also  be  prepared  in  a  similar  way,  and  they  have 
each  a  pectous  form. 

1619.  Ferrocyanide  of  copner  dissolves  in  a  solution  of 
oxalate  of  ammonia;  if  this  solution  is  dialysed,  the  oxalate 
of  ammonia  difluses  away,  and  ferroeyamde  of  copper  is 
left  in  a  state  which  renders  it  soluble  in  water. 

1620.  Bv  dissolving  Prussian  blue  in  a  solution  of 
oxalic  acid,  and  dialysing  the  aolntion,  the  oxalie  aoid 
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difiases  out,  and  the  FroBsian  blue  which  is  left  ia  soluble 
in  water. 

1521.  Fore  silica,  in  solution  in  water,  can  be  obtained 
by  the  aid  of  dialysis,  and  this  solution  may  be  made  to 
contain  as  much  as  14  per  cent,  of  silica.  This  solution 
of  silica,  however,  is  unstable,  especially  when  it  contains 
the  quantity  of  silica  named.  It  rarely  remains  fluid  for 
more  than  a  few  days,  the  silica  then  separating  in  the 
gelatinous  state.  I^  the  solution  be  diluted,  it  keeps 
better,  but  in  either  case  the  coagulation  of  the  silica  is 
effected  bj  the  addition  of  a  small  quantity,  even  ^m 
part  of  an  alkaline  or  earthy  carbonate,  but  not  by 
caustic  ammonia. 

1592.  Mr.  Graham  was  unable  at  first  to  obtain  stannic 
acid,  the  analogue  of  silicic  acid,  in  the  soluble  colloidal 
form ;  he  could  only  get  it  in  the  pectous  state.  Preci- 
pitated peroxide  of  tin,  though  insoluble  in  water,  is 
readily  soluble  in  a  solution  of  bichloride  of  tin.  When 
the  Lquid  so  produced  is  dialysed,  the  whole  of  the 
chlorine  passes  away,  but  a  jelly,  instead  of  a  solution,  is 
left  on  the  dialyser.  Mr.  Graham  afterwards  found  that 
by  acting  upon  this  jelly  with  a  dilute  alkali,  and  then 
submitting  it  to  a  further  dialysis,  it  gradually  becomes 
liquid.  Tms  last  process  he  terms  peptizing,  or  digesting. 
The  soluble  co-stannic  acid  is  very  readily  pectized. 

1623.  We  have  learned,  then,  that  the  hydrated  per- 
oxides of  the  aluminous  type,  when  free,  are  colloid  bodies ; 
that  two  species  of  each  of  these  hydrated  oxides  exist, 
of  which  alumina  and  metalumina  are  the  types,  one 
derived  from  an  im changed  salt,  and  the  other  from  the 
heated  acetate  of  the  base ;  further,  that  each  of  these 
species  has  two  forms,  one  soluble  and  the  other  insoluble, 
or  coagulated.  The  possession  of  a  soluble  and  an  insoluble 
(fluid  and  pectous)  modification  is  not  confined  to  hydrated 
silicic  acid  and  the  aluminous  oxides,  but  appears  to  be 
very  general,  if  not  universal,  among  colloid  substances. 
The  double  form  is  tjrpified  in  the  fibrin  of  the  blood. 

1521.  Organic  colloidal  substance^i  can,  like  the  mineral 
colloids,  be  obtained  pure,  and  in  the  soluble  or  pectous 
state  by  the  aid  of  dialysis. 

1525.  Albumen,  in  tne  purest  state  in  which  it  is  pre- 
sented in  nature,  namely,  m  the  white  of  eg^,  contains  a 
portion  of  soda,  which  gives  it  a  faint  alkiQme  reaction, 
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and  to  which  its  solabilitj  is  sometimes  ascribed.  Bj 
mixing  the  egg  albumen  with  acetic  acid,  and  placing  the 
mixture  on  the  dialyser,  all  the  acid  with  the  alkaline  and 
earthy  salts  diffuse  away,  and  leave  the  albumen  pure,  so 
that,  when  burnt,  it  leaves  no  ash.  This  purified  albumen 
still  retains  its  constituent  sulphur.  It  has  a  faint  add 
reaction. 

1526.  Gum,  as  represented  by  the  best  gum  arabic,  has 
been  shown  by  Fr^my  to  be  a  comnound  of  an  organic 
acid,  gummic  acid,  and  lime.  The  lime  present  in  this 
compound  constitutes  rather  less  than  2  per  cent,  of  the 
gum ;  it  may  be  partially  removed  by  oxalic  acid,  but  is 
completely  removed,  and  with  facility,  bv  dialysis.  If  4 
or  5  per  cent,  of  hydrochloric  acid  be  added,  to  a  20  percent, 
solution  of  gum,  and  the  mixture  placed  on  the  dialyser, 
the  hydrochloric  acid  and  lime  will  difiuse  out,  leaving 
the  gummic  acid  in  solution.  If  this  be  evaporated  to 
dryness,  and  heated  for  some  hours  at  212^  F.,  it  becomes 
insoluble  in  water,  and  merely  swells  up  into  a  gelatinous 
mass,  like  gum  tnuracanth. 

1527.  Other  colloidal  organic  substances,  as  tannin 
and  caramel,  may  be  obtained  from  crystalloids  in  like 
manner. 

1628.  Separation  of  poisons  from  colloidal  lipids. — 
Dialysis  may  be  advantageously  applied  to  the  separation 
of  poisons,  whether  organic  or  inorganic,  from  organic 
solutions,  in  medico-legal  inquiries,*  for  all  soluble  poi- 
sonous substances,  whatever  their  origin,  appear  to  be 
crystalloids,  and  will  accordingly  pass  through  colloidal 
septa.  The  process  has  the  advantage  of  intn>ducing  no 
metallic  substance  or  chemical  reagent  of  any  kind  into 
the  organic  fluid.  The  arrangement  for  operating  is  also 
of  the  simplest  nature. 

1529.  Osmose. — Closely  connected  with  dialysis  is  the 

fhenomenon  originallv  termed  endosmose  and  exosmose. 
)utrochet  observed,  long  ago,  that  whenever  two  liquids 
of  different  densities,  capable  of  being  mixed  with  each 
other,  are  separated  by  a  membranous  partition,  two 
currents  become  established,  one  from  within  to  without 
(exosmose, — e^.and  oxr/ioc,  impulse), and  another  in  the  con- 
trary direction  (endosmose, — ivSov,  inwards,  and  umt/ios)  ; 
these  terms  are  now  seldom  employed,  the  shorter  term 
osmose,  which  includes  the  two,  oeing  substituted. 
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1530.  If  in  the  opening  of  a  membranons  bag  or  blad- 
der a  long  glass  mbe  is  fastened  hermetically,  we  have 
an  osmometer.  If  the  bladder  be  filled  with  a  concen- 
trated solution  of  common  salt,  and  then  suspended  in  a 
jar  of  pure  water,  the  salt  will  of  course  diffuse  out  into 
the  water;  but  at  the  same  time  a  quantity  of  water 
diffuses  into  the  bladder;  and  the  remarkable  fact  con- 
nected with  the  experiment  is  this,  that  the  volume  of 
water  which  enters  the  bladder  is  very  much  greater  than 
could  be  introduced  by  simple  liquid  diffusion,  amounting 
in  some  cases  to  several  hundred  times  that  of  the  salt  cUs- 
placed ;  the  liquid  rises  in  the  glass  tube,  attaining  in  some 
cases  a  very  considerable  height.  The  movement  of  the 
salt  can  be  explained  by  diffusion ;  it  is  the  flow  of  water 
which  is  the  important  phenomenon.  The  flow  of  liquid 
takes  place  generally,  though  not  always,  from  the  water 
to  the  saline  solution,  so  that  the  quantity  diminishes  on 
one  side  of  the  septum  while  it  increases  on  the  other. 
The  volume  of  water  which  passes  through  the  septum 
varies  with  different  liquids.  In  general,  endosmose  takes 
place  towards  tbe  denser  liquid.  Alcohol  and  ether  form 
an  exception  to  this;  they  oehave  like  liquids  which  are 
denser  than  water. 

1531.  The  subject  has  been  carefully  examined  by  Mr. 
Graham,  who  has  established  several  important  facts  in 
relation  to  it.  He  used  as  septa  in  his  osmometer,  which 
was  constructed  in  a  peculiar  way,  fresh  ox-bladder,  or  a 
piece  of  cotton  cloth  soaked  in  white  of  egg  and  dipped 
into  boiling  water  to  coagulate  it,  and  also  the  porous 
earthenware  cells  of  a  galvanic  battery.  He  found,  first, 
that  solutions  of  neutral  organic  substances,  such  as  urea, 
gum  arabic,  and  suc^ar  of  milk,  caused  little  or  no  osmotic 
action ;  secondl]^,  tnat  neutral  salts,  such  as  sulphate  of 
magnesia,  chloride  of  sodium,  and  chloride  of  oarium, 
likewise  produced  but  little  effect ;  thirdly,  that  alkaline 
solutions,  and  especially  solutions  of  the  carbonates  of 
potash  and  soda,  caused  a  very  rapid  flow  of  the  water. 
For  example,  when  a  solution  of  carbonate  of  potash  was 
placed  in  the  osmometer,  containing  1  part  of  salt  to  1,000 
of  water,  500  grains  of  water  entered  the  instrument  to 
every  grain  of  the  salt  diffused  into  the  outer  cylinder, 
and  it  was  generally  found  that  osmose  was  most  rapid 
when  the  solution  did  not  contain  more  than  2  per  cent. 
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of  the  8ait ;  fourthly,  that  acid  solations,  either  dHnie 
acidfl  or  acid  salts,  caused  a  current  in  the  opposite  direc- 
tion to  that  caused  by  the  alkaline  solution ;  lastly,  thattiie 
corrosion  of  the  septum  seemed  to  be  a  necesaary  condi- 
tion of  osmose,  the  water  always  flowing  to  the  alkaliii£ 
side.  When  septa  were  used  which  were  not  chemicalij 
acted  upon  by  the  saline  solution,  there  appeared  to  k 
no  osmotic  action,  although  they  were  not  deficient  in 
porosity. 

1532.  Many  theories  have  been  proposed  to  account  for 
osmose,  but  we  shall  only  notice  what  Mr.  G-raham  states 
with  regard  to  it  at  the  close  of  his  paper  on  dialysis. 
He  considers  it  to  be  an  aflkir  of  hydration  and  of  dehydrsr 
tion  in  the  substance  of  the  membrane  or  other  colloid 
septum,  and  that  the  diffusion  of  the  saline  aolutum 
placed  within  the  osmometer  has  little  or  nothing  to  do 
with  the  osmotic  result,  otherwise  than  as  it  affects  the 
state  of  hydration  of  the  septum. 

1533.  Osmose  is  generally  considerable,  through  mem- 
branous and  other  highly  hydrated  septa,  with  tne  sola> 
tion  of  any  colloid  (gum,  for  instance)  contained  in  tbe 
osmometer.  Yet  the  diffusion  outwards  of  the  colloid  is 
always  minute,  and  may  sometimes  amount  to  nothing. 
Indeed,  an  insoluble  colloid,  such  as  gum  tragacanth, 
placed  in  powder  within  the  osmometer,  was  found  to 
mdicate  the  rapid  entrance  of  water,  to  conrert  the  gum 
into  a  bulky  gelatinous  hydrate.  Here  no  outward  or 
double  movement  is  possible. 

1534.  The  degree  of  hydration  of  any  gelatinous  body 
is  much  affected  by  the  liquid  medium  in  which  it  is 
placed.  This  is  yery  obyious  in  flbrine  and  animal  mem- 
brane. Placed  in  pure  water,  such  colloids  are  hydrated  to 
a  higher  degree  than  they  are  in  neutral  saline  solutions. 
Hence  the  equilibrium  of  hydration  is  different  on  the  two 
sides  of  the  membrane  of  an  osmometer.  The  outer  sur- 
face of  the  membrane,  being  in  contact  with  pure  water, 
tends  to  hydrate  itself  in  a  higher  degree  than  the  inner  sur- 
face does,  the  latter  surface  being  supposed  to  be  in  contact 
with  a  saline  solution.  When  the  mil  hydration  of  the 
outer  surface  extends  through  the  thickness  of  the  mem- 
brane, and  reaches  the  inner  surface,  it  there  receires 
a  check.  The  degree  of  hydration  is  lowered,  water 
must  be  giyen  up  oy  the  inner  layer  of  the  membrane. 
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and  it  formB  the  osmose.  The  contact  of  the  saline  fluid 
is  thus  attended  by  a  continued  catalysis  of  the  gelatinous 
hydrate,  by  which  it  is  resolved  into  a  lower  gelatinous 
hydrate  and  free  water.  The  inner  surface  of  the  mem- 
brane of  the  osmometer  contracts  by  contact  with  the 
saline  solution,  while  the  outer  surface  dilates  by  contact 
with  pure  water.  Far  from  promoting  this  separation  of 
water,  the  diffusion  of  the  salt  throughout  the  substance  of 
the  membrane  appears  to  impede  osmose,  by  equalizing 
the  condition,  as  to  saline  matter,  of  the  membrane 
through  its  whole  thickness.  The  advantage  which  col- 
loidal solutions  have  in  inducing  osmose  appears  to  depend 
in  part  upon  the  low  diffusibility  of  snch  solutions,  and 
their  want  of  power  to  penetrate  the  colloidal  septum. 

1535.  The  substances  fibrine,  albumen,  and  animal 
membrane  swell  greatly  when  immersed  in  water  contain- 
ing minute  proportions  of  acid  and  alkali.  On  the  other 
hand,  when  the  proportion  of  acid  or  alkali  is  carried 
beyond  a  point  peculiar  to  each  substance,  contraction  of 
the  coUoid  takes  place.  Such  colloids  as  have  been  named 
acquire  the  power  of  combining  with  an  increased  propor- 
tion of  water,  and  of  forming  superior  gelatinous  hydrates, 
in  consequence  of  contact  with  dilute  acid  and  alkaline 
reagents.  Even  parchment  paper  is  more  elongated  in  an 
alkaline  solution  than  in  pure  water.  When  so  hydrated 
and  dilated,  the  coUoids  present  an  extreme  osmotic  sen- 
sibility. Used  as  septa,  they  appear  to  assume  or  resign 
their  water  of  gelatmation  under  influences  apparently 
the  most  feeble.  Mr.  Graham  says  he  does  not  attempt 
to  explain  this  varying  hydration  of  colloids  with  the 
osmotic  effects  thence  arising.  Such  phenomena  belong 
to  colloidal  chemistry,  where  the  prevailing  changes  in 
composition  appear  to  be  of  the  kind  vaguely  described  as 
catalytic.  To  the  future  investigation  of  catalytic  affinity, 
therefore,  must  we  look,  he  says,  for  the  furtiher  elucida^ 
tion  of  osmose. 

1536.  There  is  a  close  connection  between  the  subjects 
treated  of  in  this  chapter  and  the  flow  of  liquids  through 
capillary  tubes ;  but  we  are  unable  to  do  more  than  refer 
the  student  to  the  first  volume  of  Miller's  "  Chemistry," 
2nd  edition ;  and  to  Graham's  Memoir  on  the  subject,  in 
the  " Philosophical  Transactions"  for  1862. 
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CHAPTEE  XV. 

OK  CHBXICIL  ANALYSIS  BY  8PBCTBUX  OBSBBTATlOn. 

Coloured  flames  t  and  their  utility  in  chemical  analpik, 
1637.  Spectrum  analysis,  1539.  Spectra  of  the  metals  uf 
the  alkalies  and  alkaline  6arths,  1540.  Description  f^the 
apparatus  for  spectrum  analysis,  1541.  I>ehcacy  ofiht 
spectrum  reactions  of  bodies,  1543.  Increase  of  ImmtMomt 
lines  with  an  increase  of  temperature,  1545.  Do  iAe  iif 
ferent  compounds  of  the  same  metal  produce  lines  of  it 
same  colour  f  1546.  Do  any  of  the  lines  of  the  differed 
metals  coincide?  1549.  Are  the  lines  of  any  euSsiasn 
obliterated  or  altered  by  the  presence  <f  another  sulteiameel 
1550.  Spectra  of  the  metalloids,  1551.  Spectra  of  soUdi 
and  vapours  contrasted,  1552.  Relation  between  the  ah- 
sorption  and  emission  qf  heat  and  light  by  bodies,  1553. 
Dark  lines  in  the  solar  spectrum,  1554.  The  dark  Una 
vary  with  the  nature  of  the  luminous  source,  1556.  21r 
solar  spectrum,  and  the  spectrum  of  an  incandescent  solii 
or  liquid  contrasted,  155/.  Chemical  constitution  qf  tie 
sun*s  atmosphere,  1558.  Chemical  constitution  of  the  atmo- 
sphere of  the  fixed  stars,  1559.  Appendix  ^. :  Arr aug- 
ment qfthe  spectrum  apparatus,  1560. 

1537.  Coloured  flames,  and  their  utility  in  chemicsl 
analysis, — The  different  metals,  when  in  an  int^udj 
heated  and  vaporized  state,  produce  different  coloured 
flames  ;  and  as  the  compouQds  of  the  alkaline  metals  are 
readily  volatilized  in  a  gas  or  spirit  flame,  chemists  hare 
long  employed  the  colours  they  impart  to  the  flame  as  a 
test  of  their  presence ;  but  as  the  coloured  flame  produeed 
by  one  metal  obscures  that  given  by  another,  tne  appli- 
cation of  coloured  flames  to  analysis  was,  on  this  accoimt, 
very  limited.  Thus,  as  the  yellow  colour  produced  by  a 
sodium  compound  conceals  the  violet  produced  by  a 
potassium  one,  it  became  necessary,  when  the  former  was 
present,  to  adopt  other  methods  of  analysis  to  prove  & 
presence  or  absence  of  the  latter. 

1538.  The  application  of  coloured  flames  to  analysis  waa 
extended  by  Oartmell.  He  proposed  that  after  any  com- 
pound of  a  metal,  the  colour  of  which  can  be  seen  hj 
the  naked  eye,  and  which  conceals  the  colours  which  the 
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other  metals,  which  mig^bt  be  associated  with  it,  impart, 
had  been  detected,  that  the  flame  should  be  viewed, 
for  the  purpose  of  detecting  the  other  substances, 
if  present,  through  coloured  glasses  or  liquids,  which 
would  absorb  the  rays  of  the  body  already  detected, 
whilst  they  would  transmit  the  rays  of  the  metals 
which  remained  undetected.  Thus,  in  examining  for 
sodium  and  potassium  compounds,  if  the  flame  were 
coloured  yellow,  proving  the  presence  of  a  compound  of 
the  former  metal,  ne  proposed  that  the  flame  should  then 
be  viewed  through  a  piece  of  glass  stained  blue  with 
cobalt,  in  order  to  ascertain  whether  a  ^^otassium  compound 
was  present.  The  yellow  rays  produced  by  sodium  are 
absorbed  by  the  blue  glass,  whilst  the  violet  rays  produced 
bv  potassium  are  transmitted,  and  thus,  by  the  aid  of  the 
blue  ^lass,  a  potassium  compound  can,  in  the  presence  of 
a  sodium  compound,  be  detected  by  the  colour  it  imparts 
to  the  flame,  which  was  before  impossible. 

1639.  Spectrum  analysis.^H  the  coloured  flame  pro- 
duced by  metals  in  the  vaporized  state  be  transmitted 
through  a  pbish,  instead  of  coloured  glasses  or  coloured 
liqui<£,  the  difierent  colours  imparted  to  the  flame  become 
as  completely  separated  as  the  colours  composing  white 
light  are  by  the  same  means;  for  a  ray  or  white  light, 
when  transmitted  through  a  flint  glass  prism,  is  not  only 
refracted  and  bent  out  of  its  path  m  passing  through  this 
medium,  but  also,  instead  of  there  being  one  colourless 
spot  of  light  upon  the  screen  behind,  there  is  a  series  of 
coloured  spots,  or  rather  bands,  overlapping  each  other. 
At  the  upper  part  of  this  image  (or  spectrum,  as  it  is 
called)  will  be  the  most  refrangible,  and  at  the  lower  part 
the  least  refrangible  ray ;  the  colour  of  the  upper  or  most 
refrangible  one  will  be  violet,  and  the  lower,  or  least 
refrangible  one  will  be  red;  the  intermediate  ones,  com- 
mencing from  the  violet  end,  being  indigo,  blue,  green, 
yellow,  and  orange,  all  graduating  imperceptibly  into  each 
other.  The  spectrum  of  solar  light  furnishes  aU  the 
primary  colours,  commencing  at  red  and  terminating  in 
violet ;  and  there  are  no  toide  gaps  between  the  diflerent 
colours,  they  imperceptibly  merge  into  each  other.  This 
is  not  the  case  with  the  spectrum  furnished  by  a  vaporized 
metal.  It  consists  of  a  series  of  bright  bands  of  particular 
colours,  separated  by  dark  bands  of  varying  width.    The 
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student  will  see  that,  owing  to  the  fact  that  none  oi  the 
metals  yield  a  spectrum  composed  of  all  the  primarj  eo- 
lours,  but  that  each  metal  yields  dififerentiy  coloured  bands 
of  different  refrangibility,  it  becomes  possible  to  detect 
each  individual  in  a  mixture  of  metals,  as  the  bands  of 
light  furnished  by  each  differ,  not  only  in  colour,  but  oe- 
cupy,  from  their  unequal  refrangibility,  different  positioDS 
in  the  spectrum.  Even  when  two  or  more  metols  yield 
bands  of  the  same  colour,  the  bands  furnished  by  these 
metals  differ  in  intensity  of  colour,  in  breadth,  in  number, 
and  in  the  position  they  occupy  in  the  spectrum.  The 
colours  from  the  vaporized  metals  occupy  the  same 
position  in  the  spectrum  as  the  corresponding  ooloms 
from  white  light. 

1540.  Spectra  of  the  metals  of  the  alkalies  aTtd  alhaline 
earths. — When  compounds  of  the  alkalies  and  alkaline 
earths  are  introduced  into  a  Bunsen's  burner,  and  the 
flame  is  viewed  through  a  spectrum  apparatus,  the  metali 
in  the  metallic  compounds  are  found  to  give  the  following 
spectra : — Sodium  eives  a  yellow  line,*  in  a  position  cone- 
spending  to  the  jreUow  rays  of  the  solar  spectrum ;  potas- 
smm  gives  a  continuous  spectrum  in  the  centre,  a  red  line 
in  the  extreme  red  rays,  and  a  violet  line  in  ^e  extreme 
violet  rays;  lithium  gives  two  sharply  defined  lines, — % 
pale  yellow,  corresponding  to  the  yellow  rays,  and  a  bright 
red,  corresponding  to  the  red  rays ;  strontium  gives  eight 
characteristic  lines, — six  of  them  are  red,  and  correspond  in 
position  to  the  red  rays  of  solar  light ;  one  is  orange,  whidi 
IS  parallel  to  the  orange  rays ;  and  the  other  is  a  blue  line, 
in  the  situation  of  the  blue  rays :  barium  gives  two  green 
bands  in  the  situation  of  the  green  rays,  and  besides 
these,  three  other  green  bands,  and  several  yellow,  orange, 
and  red  lines ;  calcium  gives  one  sreen  band  in  the  situ- 
ation of  the  yellow-green  rays,  ana  a  bright  orange  band 
near  the  red  rays,  besides  several  smaller  orange  lines. 
Magnesium  compounds  are  not  volatilized  in  a  Sunsen's 
burner,  and  therefore  do  not  impart  a  colour  to  the  flame 
at  that  temperature ;  but  the  magnesium  spectrum  can  be 
obtained  at  that  temperature  by  burning  the  pure  metal 
in  the  flame. 

*  The  aodiam  line,  when  more  mmntely  examined  by  a  larger  nnmlMr  of 
priamt,  is  seen  to  be  composed  of  two  lines. 
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1641.  Description  of  the  aj>paratusfor  spectrum  analysts. 
—  Althouf^h  many  scientific  men  had  examined  the 
spectra  of  diflferent  elementary  bodies,  it  is  to  Kirchho£f 
and  Bunsen  that  the  distin^ished  merit  is  due  for 
reducing  the  prismatic  observation  of  flame  tinged  by  the 
salts  of  the  aiflerent  metals  to  a  simple  and  systematic 
method  of  analysis.*  The  latest  form  of  instrument  which 
they  employed  for  this  purpose  is  represented  in  Fig.  39. 
It  consists  of  an  iron  tripod  stand,  A,  on  which  a  flint- 
glass  prism,  B,  having  a  refracting  angle  of  60®,  is  placed, 
and  which  is  kept  in  its  position  by  a  spring,  c.    At  the 


Fig.  39. 

end  of  the  tube,  D,  nearest  the  prism,  is  placed  a  lens,  and 
at  the  other  end  of  the  tube  is  a  slit,  the  width  of  which 
can  be  regulated  by  the  micrometer  screw,  e.  The 
upper  half  of  the  sfit  is  left  free ;  in  the  lower  half  is 

*  The  student  will  find  the  history  of  this  diicoverf  very  interesting.  He 
will  find  some  papers  bearing  on  it  in  Uie  Chemical  Newt  for  1881 ;  and  he 
will  also  find  a  brief  but  interesting  account  in  Professor  Miller's  Lecture  on 
Spectrum  Analysis  in  the  CkemieM  Ainro  for  1862. 
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placed  a  small  eqailateral  ^Ibbb  prism,  the  use  of  wUdi 
will  presently  be  described.  The  telescope,  F,  which  has 
a  magnifying  power  of  8,  is  moveable  in  a  horizontal 
plane  around  tne  axis  of  the  tripod :  y  and  k  are  screws 
for  adjust ine  the  axis  of  the  telescope,  so  as  to  bring 
any  part  or  the  slit  at  e  into  the  centre  of  the  Seld 
of  rision.  The  tube,  I,  is  also  moveable  in  a  horizontal 
direction.  This  tube  contains,  at  the  end  next  to  the 
prism,  a  lens;  at  the  other  end  is  a  scale  divided  into 
millimetres.  When  the  telescope  has  been  properh^ 
adjusted  to  the  examination  of  the  spectrum,  the  tuoe,  I, 
is  moved  until  it  is  placed  at  such  an  angle  with  the 
telescope  and  the  face  of  the  prism,  that  when  a  light  is 
transnutted  through  the  scale,  the  image  of  this  scale  is 
reflected  into  the  telescope  from  the  face  of  the  prism 
nearest  the  observer.  This  image  is  rendered  perfectlr 
distinct  by  pushing  in  the  tube  which  holds  the  scab 
nearer  to  the  lens  in  I,  or  withdrawing  it  to  a  greater 
distance,  as  may  be  required.  The  lines  of  the  scale  can 
then  be  employed  for  reading  off  the  position  of  the  bright 
or  dark  lines  of  the  spectrum,  as  both  will  appear  simul- 
taneously, overlapping  each  other  in  the  field  of  the 
telescope.  By  turning  the  tube,  I,  round  upon  the  axis 
of  the  tripod,  any  particular  line  of  the  scale  can  be 
brought  to  coincide  with  any  desired  line  of  the  spcctnnn. 
1642.  To  examine,  by  means  of  this  or  any  other  foim  of 
spectrum  apparatus,"*^  the  colours  imparted  to  the  flame 
by  substances,  it  is  necessary  that  the  flame  should  be  non- 
luminous.  Coal  gas  is  the  most  convenient  combustible, 
and  the  burner  best  adapted  for  the  purpose  is  the  one 
invented  by  Bunsen.  At  the  temperature  produced  by 
the  perfect  combustion  of  coal  gas  m  a  Bunsen's  burner, 
the  compounds  of  the  metals  of  the  alkalies  and  alkaline 
earths,  with  the  exception  of  the  magnesium  compounds, 
are  volatilized ;  but  the  spectra  of  the  other  meUls  are 
best  obtained  by  causing  a  spark  of  a  Buhmkorff's  coil  to 
strike  between  the  wire  points  of  the  metals  under  exami- 
nation. Stray  light  must  be  excluded,  which  is  effected 
by  ooverinp^  the  stand,  the  prism,  and  the  ends  of  the 
tubes  adjoining  it  with  a  loose  black  cloth.  The  upper 
half  of  the  slit,  e,  we  have  already  stated,  is  left  unee, 

*  A  spaotroaoope  with  direct  yinaa  has  been  recently  inTanted  bj  Hofiaann 
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whilst  in  the  lower  half  is  placed  a  small  glass  prism, 
which  sends,  by  total  reflection,  the  light  of  the  lamp  £ 
through  the  slit,  whilst  the  rajs  from  the  lamp  L,  pass 
freely  through  the  upper  and  uncovered  half.  A  small 
screen  placed  above  tne  prism  prevents  any  of  the  light 
from  D  passing  through  the  upper  portion  of  the  slit. 
By  this  arrangement,  &e  observer  sees  the  spectra  of  the 
two  sources  of  light,  the  one  immediately  under  the  other, 
and  can  therefore  easily  determine  whether  the  lines  in 
the  two  snectra  are  coincident  or  not.  We  will  illustrate 
the  use  of  this  small  prism  by  an  example.  If  we  wanted 
to  know,  for  instance,  whether  a  substance  contained 
lithium,  we  introduce  a  bead  of  a  pure  lithium  salt  into 
one  flame,  and  a  bead  of  the  substance  into  the  other.  If 
we  find,  on  looking  through  the  telescope,  that  the  lines 
of  the  lithium  salt  coincide  exactly  with  those  of  the  sub- 
stance under  examination,  then  we  know  that  the  latter 
contains  lithium,  as  the  lines  from  no  other  substances 
coincide  with  those  of  lithium.* 

1543.  Delicacy  qf  the  spectrum  reaction  of  bodies,  — 
The  spectrum  reactions  of  bodies  are  incomparably  more 
delicate  than  their  chemical  reactions.  Bunsen  and  Xirch- 
hoff  estimated  the  sensitiveness  of  the  reaction  of  some  of 
the  alkaline  metals  by  deflagrating  a  given  weight  of  the 
various  salts  in  the  room  in  which  they  were  experiment- 
ing, and  diffusing  the  vapour  mechanically  through  the 
air ;  in  this  way  they  arrived  at  the  astounding  fact  that 

180,000,000*^  part  of  a  grain  of  soda  and  gjoooioOO*^  P"^ 
of  a  grain  of  lithia  can  be  easily  detected.  The  sodium 
reaction  is  the  most  sensitive  of  all,  and  so  extensively  is 
common  salt  diffused,  that  the  sodium  lines  are  always 
found  to  be  present  in  the  flame.  Formerly,  lithia  was  only 
known  to  occur  in  four  minerals,  but  by  the  aid  of  the 
spectroscope  we  ha^e  discovered  that  it  is  very  widely 
distributed  in  minute  quantities ;  it  exists  in  almost 
all  rocks,  in  sea  and  river  waters,  in  the  ashes  of  plants, 
in  human  blood,  and  muscular  tissue.  This  new  method 
of  analysis  led  Bunsen  tq  discover  two  new  alkaline 
metals,  ccBsium  and  rubidium,  the  first  named  from  casius, 
"  sky-coloured,"  in  allusion  to  two  characteristic  blue 

*  The  smkDgem«nt  of  the  iiufarament  is  deeoribed  in  Appendix  K. 
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lines  in  its  spectmm ;  the  second  from  ntbidtu,  "daric 
red/'  owing  to  the  existence  in  its  spectrom  of  two  red 
lines  of  remarkably  low  reirangibility.  These  bases  were 
found  in  the  mother  liquor  from  the  Durkheiin  spring; 
every  ton  of  the  water  contains  about  three  grains  of 
chloride  of  csesium,  and  rather  less  than  four  grains  of 
chloride  of  rubidium .  These  two  salts  so  closely  resemble 
chloride  of  potassium  in  properties,  that  it  would  have 
been  impossible,  from  the  mmute  proportion  in  whicb 
they  occur  in  the  water,  to  have  ascertained  their  presence 
but  for  the  method  of  spectrum  analysis.  A  new  metal, 
thallium,  has  also  been  discovered  by  Mr.  Crookes  by 
means  of  the  spectroscope. 

1544.  If  the  substance  to  be  examined  is  volatile  at  the 
temperature  obtained  in  a  Bunsen's  gas-lamp,  a  small 
head  of  it  is  introduced  on  a  platinum  wire  into  the 
middle  part  of  the  gas  flame,  and  at  its  outer  edge.  The 
chlorides,  from  their  greater  volatility,  are  better  adapted 
than  any  of  the  other  salts  of  the  alkalies  and  aUauine 
earths  for  spectrum  purposes.  Mr.  Crookes  reoonuneodf 
the  use  of  chlorates,  which,  of  course,  decompose  in  the 
flame  into  chlorides  and  oxygen ;  the  spectra  from  the 
chlorates  are  much  more  intense  than  from  any  other  dass 
of  salts ;  their  spectra  approach  that  high  degree  of 
intensity  hitherto  only  attainable  by  the  dectrio  spark. 
Lines  are  observed  when  chlorates  are  volatilized  in  tiie 
gas  flame,  which  are  not  seen  when  the  other  salts  are 
volatized.  These  lines  we  shall  refer  to  in  the  next 
paragraph. 

1545.  Increase  qf  the  luminous  lines  with  an  increase  qf 
temperature,^~The  bands  or  lines  of  the  metals  increase  in 
num  ber,  and  alter  with  increase  of  temperature.  Xirchhoff 
found  that  at  the  hi^^h  temperature  of  the  electric  spark  a 
number  of  bright  Imes  appear  in  the  calcium  spectrum 
which  do  not  appear  at  tne  temperature  of  the  coal-gas 
flame ;  a  similar  discovery  has  heen  made  by  Dr.  Tyndal 
with  regard  to  the  spectrum  of  lithium.  He  found  that 
when  a  compound  of  this  metal  was  volatilized  at  the  tan- 
perature  of  the  electric  spark,  a  blue  band  appears  in  its 
spectrum,  which  is  altogether  invisible  when  the  com- 
pound is  volatilized  in  a  coal-gas  flame.  These  observa- 
tions have  been  confirmed  and  extended  by  Professors 
Clinton  and  Bosooe.    They  have  discovered  that  with 
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increase  of  temperature  similar  changes  occur  in  the 
spectra  of  strontium  and  barium  ;  but  not  only  have  they 
found  that  new  lines  appear  at  the  high  temperature  of 
the  intense  spark,  but  that  the  broad  barids,  characteristic 
of  the  metal  or  metallic  compound,  at  the  low  temperature 
of  the  coal-gas  flame,  totally  disappear  at  the  higher  tem- 
perature. The  new  bright  lines  which  replace  the  broad 
bands  are  generally  not  coincident  with  any  partof  the  band, 
sometimes  being  less,  and  sometimes  more  refrangible. 
They  suggest  that  the  broad  band  of  the  flame  spectrum 
may  be  due  to  the  rapour  of  some  compound,  probably  the 
oxide,  of  the  difficultly  reducible  metal;  whereas  the 
bright  lines  which  are  produced  at  the  enormously  high 
temperature  of  the  intense  electric  spark,  form  the  true 
spectrum  of  the  metal,  for  at  that  temperature  the  metal- 
line compound,  which  they  suggest  exists  at  a  lower 
temperature,  is  decomposed.  Dr.  Miller  has  likewise 
found  that  the  spectrum  of  the  recently  discovered  metal, 
thallium,  contains  at  the  high  temperature  of  the  intense 
spark  several  lines  which  do  not  appear  when  the  metal  is 
volatilized  at  a  lower  temperature.* 

*  **  The  position  of  the  bright  lines,  or,  to  speak  more  precisely,  tiie 
nuudmam  of  light  in  the  speotnun  of  &n  inoandescent  vapour,  is  not  de- 
pendent upon  the  temperature,  upon  the  presence  of  other  yapours,  or 
upon  any  other  conditions,  except  the  chemiesi  constitution  of  the  Tapour. 
Of  the  Talidity  of  this  conclusion  Bunsen  and  I  have  assured  ourselves  by 
experiments  made  for  that  special  object,  and  I  have  confirmed  it  by  many 
obserrations  made  with  a  still  more  delicate  instrument.  The  appearanee 
of  the  spectrum  of  the  same  vapour  may,  nevertheless,  be  very  different 
under  different  circumstances.  Even  the  alteration  of  the  mass  of  the 
inoandescent  gas  is  sufficieut  to  effect  a  change  in  the  character  of  the 
spectrum.  If  the  thickness  of  the  film  of  vapour,  whose  light  is  being 
examined,  be  increased,  the  luminous  intensities  of  all  the  lines  increase, 
but  in  different  ratios;  the  intensity  of  the  bright  linra  increases  more  slowly 
than  that  of  the  less  visible  lines.  The  impression  which  a  line  produces  on 
the  ere  depends  upon  its  breadth  as  well  as  upon  its  brightness.  Hence  it 
may  happen  that  one  line  being  less  bright,  alUiough  broader,  than  a  second^ 
is  less  visible  when  the  mass  of  incandescent  gas  is  small,  but  becomes  more 
distinctly  seen  than  the  seoond  line  when  the  thickness  of  the  vapour  is 
increased.  Indeed,  if  the  luminosity  of  the  whole  spectrum  be  so  lowered 
that  only  the  most  striking  of  the  lines  are  seen,  it  may  happen  that  the 

aiectrum  appears  to  be  totally  changed,  when  the  mass  of  tne  vapour  is 
tered.  Change  of  temperature  appears  to  produce  an  effect  similar  to 
this  alteration  m  the  mass  of  the  incandescent  vapour.  If  the  temperature 
be  raised,  no  deviation  of  the  maximum  of  light  is  observed,  but  the  inten- 
sities of  the  lines  increase  so  differently,  that  those  which  are  most  plainly 
seen  at  a  high  temperature  are  not  the  most  visible  at  a  low  temperature. 
This  influence  of  the  mass,  and  of  the  temperature  of  the  incandescent 
gas,  explains  perfectly  why,  in  the  spectra  of  many  metals,  those  lines  which 
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1546.  Do  the  different  compounds  of  the  tame  metal  fro- 
duee  lines  of  the  same  colour  ?  —  Bunsen  and  KireUiof 
compared  the  spectra  obtained  from  the  pure  chlorides 
of  potassium,  sodium,  lithium,  strontium,  calcium,  and 
barium,  with  those  produced  when  the  bromides,  iodidei, 
hydrates,  sulphates,  and  carbonates  of  the  several  meteb 
were  brought  into  the  foUowing  flames  :^ 

Temp 


Into  the  flame  of  sulphur         -        -        -    1,820**  C- 
„  „       bisulphide  of  carbon      •    2,19o 

„  „        aqueous  alcohol 

Into  the  non-luminous  flame  of  coal-gas   -    2,350 

Into  the  flame  of  carbonic  oxide       •        -    3,042 
„  „        hydrogen  (in  air)  -        -    3,259 

Into  the  oxyhydrogen  flame     -        -        -     8,061 

1547.  These  experiments  led  them  to  the  conclasico 
that  neither  the  alteration  of  the  bodies  with  which  the 
several  metals  may  be  combined,  nor  the  variety  of  the 
chemical  processes  occurring  in  the  several  flames,  nor  the 
wide  diflerences  of  temperature  which  these  flames  exhibit, 
produce  any  effect  upon  the  positian  of  the  bright  lines  im 
the  spectrum  which  are  characterietic  qfeach  meitU. 

1548.  This  conclusion  must  now  be  received  with  some 
limitations,  at  least  as  regards  difierence  of  temperature, 
for  more  recent  experiments  have  shown,  as  we  have 
noticed  in  the  preceding  paragraph,  that  with  increase  of 
temperature  new  lines  appear  in  the  spectra,  and  that  the 
bands  that  are  produced  at  a  low  temperature  are  re- 
placed, at  a  hign  temperature,  by  lines  which  are  not 


are  the  most  prominent  when  the  metal  is  placed  in  the  gas-flame,  are  enc 
the  most  distmct  when  the  spectrum  of  the  induction-spark  from  tbe  rarial  J 
is  examined.  This  is  most  clearly  seen  in  the  case  of  the  calcium  apectraa.  ' 
I  have  found  that  if  a  wet  string,  or  a  narrow  tube  filled  with  wat«r,  b« 
placed  in  the  metallic  circuit  joimng  the  Lejden  jar  which  gives  tb<>  efiak, 
and  if  the  electrodes  be  moistened  with  a  solution  of  chloride  of  cmlcium,  s 
spectrum  is  obtainM  which  coincides  precisely  with  that  seen  when  a 
chloride  of  calcium  band  is  placed  in  the  colourless  gas-flame.  Those  lieei 
appear  absent  which  are  the  most  distinct  when  an  extra  metallic  circuit  m 
employed.  If  the  narrow  column  of  water  be  replaced  br  a  coIiudb  of 
larger  sectional  area  and  of  a  shorter  length,  a  spectrum  is  produced  in  whnk 
both  those  lines  seen  in  the  flame,  and  those  obtained  by  the  intense  eparfc, 
are  equally  plainly  ^-isiblo.  In  tins  experiment  we  see  the  mode  io  wfaki 
the  calcium  spectrum,  as  given  in  the  flame,  changes  into  tliat  prodoced 
by  the  bright  electric  spark."— Kirchhoff  on  the  *'  Kesearebea  of  the  Solar 
Spectrum  and  the  Spectra  of  the  Chemical  Slemcnta,"  translated  by  Dr. 
Kosooe. 
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coincident.  And  as  regards  salts  of  the  other  metals, 
M.  Alexander  Mitscherlich  states  that  he  has  found  that 
the  chlorides  and  iodides  of  copper  give  distinct  spectra, 
according  to  the  order  of  comoination  to  which  they 
helong,  and  that  sulphide  of  copper  gives  no  spectrum.* 

lb4Q.  Do  any  of  the  lines  of  different  metals  coincide? — 
It  is  as  yet  impossible  to  decide,  owing  to  the  infancy  of 
the  discovery,  whether  all  the  lines  of  the  dififerent  metals 
occupy  distinct  positions  in  the  spectrum  if  sufficiently 
dispersed,  or  whether  some  of  them  are  not  coincident ; 
it  was  at  one  time  supposed  that  a  line  in  the  lithium 
spectrum  was  coincident  with  a  line  in  the  strontium 
spectrum,  but  Professors  Boscoe  and  Clifton,  when  they 
examined  it  with  a  sj)ectroscope  of  three  prisms,  found  that 
they  were  not  coincident,  but  that  there  was  an  interval 
between  them,  the  lithium  line  being  the  most  refrangible. 
It  was  also  believed  that  a  ^reen  line  in  the  spectrum  of 
thallium  was  coincident  with  one  of  the  lines  in  the 
spectrum  of  baryta ;  but  M.  Gassiott  has  ascertained,  with 

*  *'  At  the  close  of  this  Memoir  we  cannot  refrain  from  touchioff  upon  a 
qnestion  to  which,  on  some  future  occasion,  we  must  again  recur.  Amongst 
tne  Ivge  number  of  those  salts  already  examined  bj  us,  which,  owing  to 
their  volatility  in  the  flame,  render  a  spectrum  analysis  possible,  we  have 
not  found,  in  spite  of  the  great  variation  in  the  elementary  bodies  combined 
with  the  metal,  a  single  one  which  failed  to  produce  the  characteristic 
bright  lines  of  the  metal.  Considering  these  numerous  observations,  made 
under  the  most  widely  diflering  circumstances,  we  might  be  led  to  suppose 
that  in  all  ca»e$  the  bright  lines  given  out  by  a  body  occur  quite  inde- 
pendently  of  the  other  elements  chemically  combined  with  that  body,  and 
that  therefore  the  relation  of  the  elements,  as  regards  the  spectra  ot  their 
vapours,  is  exactly  the  same,  whether  they  are  free  or  chemically  combined. 
Yet  this  supposition  is  by  no  means  founded  on  fact  We  have  repeatedly 
insisted  that  the  bright  lines  in  the  spectrum  of  a  luminous  gsa  must  coin- 
cide with  the  absorption  lines  which  this  gas  produces  in  a  continuous 
spectrum  of  a  sufficient  degree  of  luminosity.  It  is  well  known  that  (he 
aDBorption  lines  of  iodine  vspour  cannot  be  produced  by  hydriodic  acid,  and 
that,  on  the  other  hand,  the  absorption  lines  of  nitrous  acid  are  not  visible 
in  a  mechanical  mixture  of  nitrogen  and  oxygen.  There  is  nothing  to  show 
why  an  influence  of  chemical  combination  upon  the  absorption  lines,  similar 
to  that  here  noticed  at  low  temperatures,  should  not  occur  at  a  white  heat. 
If,  however,  the  state  of  chemical  combination  alters  the  absorption  lines. of 
a  luminous  gas,  it  vntat  likewise  alter  the  bright  lines  of  its  spectrum. 

*'  From  these  ronsiderations  one  would  conclude  that  in  the  case  of  the 
spectra  of  two  diflerent  compounds  of  the  same  metal,  different  bright  lines 
may  appear ;  it  is,  however,  possible  that  the  salts  which  are  volstilized  in 
the  flame  cannot  exist  at  the  temperature  of  the  flame,  and  are  decomposed, 
BO  that  it  may  be  in  reality  the  vapour  of  the  free  metal  which  produces  the 
lines  ;  and  it  would  then  appear  quite  possible  that  a  chemical  comjiound 
may  produce  bright  lines  difiering  from  those  produced  by  its  constituent 
elements."—"  On  Chemical  Analysis  bv  Spectrum."  Observations  by  Pro- 
fessors Bunsen  and  Kirchhoff.    P^a.  Mag.,  1861. 
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a  spectrosoope  of  nine  prisms,  that  tbey  do  not  coincide ; 
the  thallium  line  is  clearly  seen,  by  the  aid  of  this  instru- 
ment, to  occup]^  a  dark  space  in  the  baryta  spectrom  dose 
by  the  bright  line  with  which  it  was  supposed  to  coincide. 
"  If  we  compare,"  states  Kirchhoff,*  "  the  spectra  of  the 
different  metals  with  each  other,  several  of  the  bright  linei 
appear  to  coincide.  This  is  especially  noticeable  in  the 
case  of  an  iron  and  magnesium  line,  and  with  an  iron  and 
calcium  line.  It  seems  to  me,"  he  says,  "  to  be  a  ques- 
tion of  great  interest  to  determine  whether  tbese  and 
other  similar  coincidences  are  real  or  only  appar^it; 
whether  the  lines  in  question  actually  fall  one  upon  the 
other,  or  whether  they  lie  very  close  together.  I  believe 
that  my  method  of  observation  does  not  poeaeaa  the 
requisite  accuracy  for  the  purpose  of  answering  this 
question  with  any  degree  of  probability,  and  I  thiu  that 
a  larger  number  of  prisms  and  an  increased  intensity  of 
the  light  will  prove  necessary.  This  might,  probably,  be 
accomplished  oy  substituting  the  continuous  current  of  t 
powerful  battery  for  the  induction  spark  of  a  Huhmkorff 'i 
coil." 

1560.  Are  the  lines  of  any  substance  ohlUeraied  or 
altered  by  the  presence  of  another  substance?  —  There 
arises  another  question,  which  is  closely  connected  «ith 
the  subject  of  the  last  paragraph;  it  is  this : — Are  the  linei 
of  any  substance  obliterated  or  altered  by  the  preaenee 
of  any  other  substance  P  M.  A.  Mitscherlich  has  lataij 
communicated  the  results  of  some  experiments  whicb  m 
has  made  on  this  subject ;  he  states  that  the  spectnim 

given  bv  chloride  of  barium  in  presence  of  excess  of 
ydrochloric  acid  is  quite  different  to  the  spectrum  of 
barium  itself  He  also  noticed  that  the  spectra  of  the 
chlorides  of  calcium  and  strontium,  in  presence  of  hydro- 
chloric acid,  are  different  to  the  spectra  of  calcium  sod 
strontium ;  and  that  a  solution  of  chloride  of  potassium, 
in  presence  of  chloride  of  ammonium  and  excess  of  hydro- 
chloric acid,  gives  no  spectrum,  whilst  a  solution  cf 
chloride  of  potassium  by  itself,  and  when  much  more 
diluted,  gives  the  characteristic  lines  of  potassium.  He 
also  states  that  the  blue  rays  of  chloride  of  strontium 

*  "  Researohea  on  the  Solar  Speetrom  aad  the  Spectra  of  the  CheBioal 
Elements." 
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disappear  in  the  presence  of  the  spectmm  produced 
by  chloride  of  copper  with  addition  of  chloride  of  am- 
monium. 

1651.  Spectra  qf  the  metalloids.  —  The  incandescent 
Tapours  of  the  metalloids,  as  well  as  thZ  sapours  of  the 
metals,  give  spectra ;  and,  as  in  the  case  of  the  metals, 
each  metalloid  gives  a  spectrum  pectdiar  to  itself:  carbon, 
for  instance,  gives  a  spectrum  consisting  of  several  blue 
lines;  hydrogen  gives  off  only  two  kinds  of  light,  a 
bright  red  line  and  a  bright  olue  line;  nitrogen  gives 
beautiful  violet  lines.  Some  of  the  elements,  so  far  as  it 
is  yet  ascertained,  do  not  give  peculiar  lines;  arsenic, 
antimony,  and  sulphur,  for  instance,  give  continuous 
spectra,  but  perhaps,  under  other  conditions,  they  will 
give  distinct  spectra. 

1552.  The  spectra  of  solids  and  vapours  contrasted. — We 
must  now  direct  the  student's  attention  to  the  difference  in 
the  spectra  of  solid  bodies  at  a  white  heat  and  the  spectra 
of  incandescent  bodies  in  a  state  of  vapour.  Solid  bodies, 
when  white  hot,  emit  light  of  all  degrees  of  refrangibility, 
each  particular  refrangibility  corresponding  to  a  particular 
colour,  whilst  we  have  seen  that  incandescent  vapours  and 
gases  emit  light  of  only  certain  degrees  of  refrangibility ; 
the  spectra  of  solids  at  a  white  heat  are  therefore  con- 
tinuous,* that  is,  there  is  no  gap  or  interval  between  the 
colours,  whilst  the  spectra  of  incandescent  vapours  and 
gases  are  not  continuous,  because  there  are  lines  of  light 
of  different  degrees  of  refrangibility  absent,  consequently 
the  spaces  these  lines  would  nil  in  the  spectra,  if  present, 
are  unoccupied ;  these  blank  spaces,  therefore,  appear  as 
black  bands  or  lines,  and  they  indicate  the  absence  from 
the  spectra  of  certain  lines  of  light,  and  the  position  these 
lines  would  occupy  if  they  were  present.  In  order  to  carry 
out  the  contrast  still  further  between  the  spectra  of  solids 
and  vapours,  we  must  consider  the  different  effects  pro- 
duced upon  solids  at  different  temperatures.  The  fact  is 
universally  known  that  solids  may  be  heated  to  a  certain 
extent  without  becoming  luminous ;  at  that  temperature 
they  give  off  dark  or  non-luminous  rays  of  heat ;  if  they  are 
heated  beyond  this  they  will  become  luminous,  but  until 
they  reach  a  white  heat  they  only  give  off  certain  rays  of 

*  Liquids  also  gvie  continuous  spootra. 
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light,  these  varying  with  the  temperature.  At  the  lowest 
ylBible  stage  of  temperature  solida  giye  off  red  rays ;  they 
are  then  said  to  be  red  hot :  at  a  still  higher  temperature 
they  give  off  yellow  rays  ;  they  are  then  said  to  be  yellow 
hot :  at  a  still  higher  temperature  they  give  off  blue  rays ; 
they  are  then  said  to  be  bluish  hot :  and  at  a  stiU  higher 
temperature  they  give  off  rays  of  every  degree  of  remn* 
gibility,— they  tnen  produce  on  the  eye  the  sensation  of 
whiteness,  and  are  said  to  be  white  hot.  Now  all  solid 
bodies,  when  heated,  emit  the  same  rays  of  light,  but 
each  incandescent  vapour  emits  rays  peculiar  to  itself,  no 
other  vapour  emitting  rays  of  the  same  degree  of  refraii- 
gibility.  The  rays  of  light  emitted  by  vaporous  bodies, 
or  at  least  by  some,  increase  with  increase  of  temperature, 
and  some  which  are  seen  at  a  lower  temperature  become 
invisible  and  are  replaced  by  others  at  a  high  tempera- 
ture, but  it  appears  unlikely  that  there  should  be  a  decree 
of  temperature  with  vapours,  as  with  solids,  at  which  they 
would  emit  rays  of  all  degrees  of  refrangibility,  although 
it  Ib  worth  observing  that  one  of  the  most  volatile  of  the 
metals,  potassium,  gives  a  partially  continuous  spectrum, 
and  such  volatile  bodies  as  arsenic,  antimony,  and  sulphur, 
give  only  continuous  or  confused  spectra,  so  far  as  yet 
known. 

1553.  Belation  between  the  absorption  and  emission  uf 
heat  and  light  by  bodies, — Mr.  Balfour  Stewart,  in  185S, 
discovered  a  law  with  regard  to  the  relation  between  the 
absorption  and  emission  of  heat  by  bodies,  which  has  been 
called  the  law  of  exchanges ;  it  may  be  thus  expressed* — 
that  the  relation  between  the  amount  of  heat  emitted  and 
that  which  is  absorbed,  at  any  given  temperature,  remains 
constant  for  all  bodies,  and  that  the  greater  the  amount  of 
heat  emitted,  the  greater  must  be  the  amount  of  heat 
absorbed.  Kirchhoff  has  shown  that  the  same  law  holds 
good  of  luminous  as  of  heat-giving  rays.  The  conclusion  at 
which  he  has  arrived  may  be  thus  stated,— that  when  any 
substance  is  heated,  or  is  rendered  luminous,  rays  of  a 
certain  degree  of  refrangibility  are  given  out  by  it,  whilst 
the  same  substance  has  also  the  power  of  absorbing  rays 
of  this  identical  refrangibility,  so  that  every  substance 
which  emits,  at  a  given  temperature,  certain  kinds  of  light, 
possesses  the  power,  at  the  same  temperature,  of  absorb- 
ing the  same  kind  of  light.    The  following  experiment  if 
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an  illostration  of  this  law: — The  speoinun  of  the  ozy- 
hydrogen  lime  light,  like  the  spectrum  of  all  other  solid 
and  lic^uid  bodies,  is  continuoiis;  it  contains  no  dark 
lines:  if»  however,  the  light  from  the  intensely  heated 
lime  be  made  to  pass  through  a  flame  coloured  yellow 
with  a  sodium  compound,  it  will  be  found  there  are  now 
dark  lines  in  its  spectrum,  corresponding  in  position  to 
the  sodium  lines.  This  fact  is  easuy  explainea  in  accord- 
ance with  the  law  which  has  just  oeen  enunciated ;  the 
sodium  flame  has  absorbed  that  kind  of  light  which  it 
emits,  whilst  it  is  perfectly  transparent  for  all  other  rays ; 
hence  all  the  rays  of  light  from  the  lime  appear  in  the 
spectrum  when  it  is  passed  through  a  flame  coloured  with 
sodium,  excepting  those  rays  whi^  are  of  the  same  degree 
of  refrangibilit^  as  those  emitted  by  incandescent  sodium 
compounds  ;*  it  is  just  as  easy  to  reverse  the  red  lithinm 
line,  that  is,  to  turn  the  bright  line  emitted  by  lithium 
into  a  dark  one,  by  allowing  the  lime  light  to  traverse  a 
flame  coloured  with  lithium,  as  it  is  to  reverse  the  sodium 
line.  It  is  not  so  easy  to  obtain  the  reversal  of  the  spectra 
of  the  other  metals  ;  nevertheless,  Bunsen  and  Kirchhofl* 
have  succeeded  in  reversing  the  bright  lines  of  potassium, 
strontium,  calcium,  and  barium,  and  Dr.  Miller  has 
reversed  some  of  the  strongest  lines  in  the  spectrum  of 
copper.t 

1654.  Dark  lines  in  the  tolar  spectrum, — "  The  colours 
of  the  solar  spectrum  are  not  continuous,  but  are  inter- 
spersed with  numerous  dark  8{>aces,  which,  in  some  cases, 
indicate  the  line  of  demarcation  between  two  adjacent 
colours.  Some  of  these  spaces  are  composed  of  a  series 
of  flne  lines  grouped  together,  while  others  consist  of  thick 
dark  stripes.  Wnen  the  spectrum  is  not  very  well  defined, 
these  lines  appear  as  shadows.  They  were  nrst  discovered 
by  Wollaston ;  but  as  Frauenhofer  was  the  first  to  study 


*  '*  The  absorptive  power  of  sodium  Tspoar  becomes  most  apparent  when 
its  laminositjr  is  smallest,  or  when  its  temperature  is  lowest.  In  fact,  ve 
(Bunsen  and  Kirchhoff)  were  unable  to  produce  the  dark  sodium  lines  in 
the  spectrum  of  the  lime  light,  or  in  that  of  an  incandescent  plAtinum  wire, 
by  means  of  a  Bunsen's  gas-flame  in  which  common  salt  was  placed,  but  the 
experiment  succeeded  with  a  flame  of  aqueoua  alcohol  containing  common 
salt."—"  Besearches  on  the  Solar  Spectrum,"  by  Professor  Kirchhoff. 

■f  "  If  the  source  of  light  giving  a  continuous  spectrum,  by  means  of  which 
the  spectrum  of  a  glowing  gas  is  to  be  reyersecl,  be  an  incandescent  body, 
its  temperature  must  be  higEer  than  that  of  the  glowing  fpM*'—Ibid, 


712  fsauskhofbb'b  lives. 

them  in  a  complete  manner,  they  are  caMed  .F^uenkf^er*i 
lines. 

1555.  "  They  are  best  obseryed  by  allowing  a  pencil  of 
aolar  rays,  reflected  from  a  heliostat,  to  pass  into  a  dark 
chamber  through  a  narrow  slit.  The  peDcil  is  receired, 
at  a  distance  of  three  or  four  yards,  on  a  flint  glass  pHsm, 
or  on  a  hollow  prism  filled  with  some  nowermlly  disper- 
8170  liquid.  When  a  telescope  is  held  behind  the  pnsm, 
in  the  direction  of  the  refracted  ray,  a  very  distinct  spee- 
tnim  is  seen,  with  the  dark  lines.  The  greater  tlie 
magnifying  power,  the  greater  the  number  of  lines. 
Frauenhofer  observed  six  hundred,  and  Wollaston  several 
thousands.  In  the  solar  spectrum  the  succession  of  these 
lines  is  always  the  same,  whatever  be  the  nature  of  the 
prism  and  whatever  its  angle.  There  are  seven  sets  of 
lines  which  are  more  distinct  than  the  rest,  and  are  espe- 
cially known  as  Frauenhofer**  lines, 

1556.  I%e  dark  lines  vary  with  the  nature  of  the  Imminotu 
source. — "The  dark  lines  vary  with  the  nature  of  ihe 
luminous  source.  The  light  reflected  from  the  snn — ^^lat 
is,  the  light  from  the  planets — ^produces  the  same  dark 
lines  as  the  sun,  but  tne  spectra  of  the  fixed  stars  are 
diflerent.  That  of  Sirius  contains  three  remarkable  lines, 
one  in  the  green  and  two  in  the  blue."* 

1557.  The  solar  spectrum  and  the  spectrum  of  an  incan- 
descent solid  or  liquid  contrasted. — The  spectrum  furnished 
by  an  incandescent  solid  or  liqnid  difiers  then  from  the 
solar  spectnim,  inasmuch  as  the  first  yields  a  continuooi 
band  of  li^t,  whilst  the  latter  does  not,  as  black  bands 
or  lines  (Frauenhofer's  lines)  intersect  the  difibrently 
coloured  portions  of  its  spectrum :  these  dark  lines  have 
been  a  puzzle  to  philosophers.  Although  Frauenhofer 
observed,  as  early  as  the  year  1814,  that  the  two  daric 
Hues  in  the  solar  spectrum,  which  he  named  D,  coincided 
with  the  yellow  lines,  which  we  know,  but  he  did  not,  to  be 
the  sodium  lines ;  and  although  Sir  David  Brewster,  in  the 
year  1842,  observed  that  a  line  in  the  potassium  spectrum 
coincided  with  the  dark  solar  line  named  A,  the  connection 
between  the  dark  solar  lines  and  the  bright  lines  of  the 
elementary  bodies  was  unknown,  although  not  quite 
unsuspected,  until  Kirchhofl*  in  1859  revealed  the  secret, 

•  Guiot's  "Phyuoe,"  edited  bj  Dr.  Atldsaon. 
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and  placed  it,  at  the  same  time,  in  our  power  to  examine 
tihe  cnemical  oonstitution  of  the  sun  and  the  fixed  stars* 

1668.  Chemical  constitution  qf  the  sun*s  atmosphere, — 
Kirchhoffhaff  found  that  the  bright  lines  produced  hj  the 
inoandescent  vapours  of  uron,  nickel,  chromium,  calcium, 
magnesium,  potassium,  sodium,  barium,  zinc,  and  copper, 
eoinoide  with  dark  solar  lines ;  and  the  coincidence  is  ren- 
dered still  more  remarkable  when  we  take  into  considera* 
tion  the  number  of  bright  lines  each  of  these  metals 
yields,  and  that  each  bright  line  of  the  metal  coincides  with 
a  dark  solar  line  ;  iron,  for  instance,  yields  not  less  than 
sixty  bright  lines,  and  they  coincide  with  as  many  dark 
solar  lines,  and  not  only  do  they  coincide,  but,  as  a  rule, 
the  brighter  the  metallic  line  the  darker  the  solar  line. 
Hence,  as  Kirohhoff  observes,  this  coincidence  must  be 
produced  by  some  cause,  and  a  cause,  he  states,  can  be 
assigned  which  affords  a  nerfect  explanation.    If  we  sup-* 
pose  the  sun  is  a  solid,  or  liquid  nucleus  intensely  heated, 
— and  it  is  the  most  probable  supposition  we  can  make 
respecting  the  sun's  constitution, — ^it  will  give,  like  all 
other  incandescent  solids  or  liquids,  a  continuous  spec* 
trum.    We  have  seen  that  a  continuous  spectrum  can  be 
rendered  discontinuous  or  broken,  if  the  light  traverse  an 
atmosphere  of  some  vaporized  substance,  less  intensely 
heatea  than  the  incandescent  solid  or  liquid  which  is 
yielding  the  continuous  spectrum,  for  the  vaporized  sub- 
stance absorbs  light  of  the  same  refirangibinty  which  it 
emits ;  in  other  words,  it  absorbs  that  kind  of  light  which 
it  emits,  whilst  it  allows  all  other  kinds  of  light  to  pass 
through  it.    The  spectrum  of  the  sun,  like  the  spectrum 
of  any  other  incandescent  solid  or  liquid,  would  be  ren- 
derea  discontinuous  or  broken,  if  the  light  traversed  an 
atmosphere  containing  any  vaporized  substance ;  there- 
fore, it  the  light  of  the  sun  were  to  traverse  an  atmosphere 
of  a  somewhat  lower  temperature,  containing  iron,  mckel, 
chromium,  calcium,  magnesium,  potassium,  sodium,  ba- 
rium, zinc,  and  copper  vapours,  according  to  the  law  of 
exchanges,  tihere  would  be  dark  lines  in  the  solar  spec- 
trum in  place  of  the  bright  lines  which  these  metals  yield, 
for  these  vaporized  metals  would  remove  from  the  con- 
tinuous spectrum  of  the  sun  those  colours  which  they 
themselves  emit,  consequently  there  would  be  dark  lines 
in  the  solar  spectrum  which  would  coincide  with  the 
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bright  metallic  lines  emitted  by  these  metals  in  a  Tapor* 
ized  state.  Kirchhoff  has  found  that  there  are  dark  lines 
in  the  solar  spectrum  which  coincide  with  the  bright  lines 
of  the  metals  we  have  named,  and  therefore  he  concludes 
that  rays  of  light  which  form  the  solar  spectrum  hare 
passed  through  the  vapours  of  these  metals,  and  hare 
thus  suffered  the  absorption  which  these  metallic  va- 
pours must  exert.  "These  metallic  vapours  mi^ht  be 
contained  either  in  the  atmosphere  of  the  sun  or  in  thit 
of  the  earth.  But  it  is  not  easy  to  understand  how  our 
atmosphere  can  contain  such  a  quantity  of  metallic 
vapours  as  would  produce  the  very  distinct  absorption* 
lines  which  we  see  in  the  solar  spectrum ;  and  this  suppo- 
sition is  rendered  still  less  probable  by  the  fact  that  these 
lines  do  not  appreciably  atter  when  the  sun  approaches 
the  horizon.  It  does  not,  on  the  other  hand,  seem  at  all 
unlikely,  owing  to  the  high  temperature  which  we  must 
suppose  the  sun's  atmosphere  to  possess,  that  such  vapours 
should  be  present  in  it.  Hence  the  observations  of  the 
solar  spectrum  appear  to  me  to  prove  the  presence  <^ 
metallic  vapours  m  the  solar  atmosphere  with  as  great  a 
degree  of  certainty  as  we  can  obtain  in  any  question  of 
natural  science."  Barium,  copper,  and  zinc  appear  to  bs 
present  only  in  small  quantities  in  the  solar  atmosphere, 
as  the  brightest  of  the  lines  of  those  metals  correspond  to 
distinct  lines  in  the  solar  spectrum,  but  the  weaker  linei 
are  not  noticeable.  Some  of  the  cobalt  lines,  but  not  all, 
coincide  with  dark  solar  lines ;  it  is  therefore  uncertaia 
whether  this  metal  is  present  in  the  solar  atmosphem 
The  remaining  metals  which  Kirchhoff  has  examined, 
viz.,  gold,  silver,  mercury,  aluminum,  cadmium,  tin,  lead, 
antimony,  arsenic,  strontium,  and  lithium,  are,  according 
to  his  observations,  not  visible  in*  the  solar  atmosphere. 

1559.  Chemical  constitution  of  the  atmosphere  of  tie 
fixed  stars. — As  there  are  dark  Hues  in  the  spectra  of  th< 
fixed  stars  which  are  not  in  the  solar  spectrum,  tiieir 
atmosphere  must  contain  substances  which  are  not  present 
in  that  of  the  sun. 
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1560.  Arrangement  of  the  spectrum  apparatus.* — The 
telescope,  F,  is  first  drawn  out  so  far  that  a  distant  object 
is  plainly  seen,  and  screwed  into  the  ring  in  which  it  is 
held,  carebeinff  taken  to  loosen  the  screws  g  aad  h  before- 
hand.  The  tube,  D,  is  then  brought  into  its  place,  and  the 
axis  of  F  brought  into  one  straight  line  with  that  of  D. 
The  slit  is  then  drawn  out  until  it  is  distinctly  seen  on 
looking  through  tiie  telescope,  and  this  latter  is  then  fixed 
by  moving  the  screws  g  and  h,  so  that  the  middle  of  the 
slit  is  seen  in  about  the  middle  of  the  field  of  view. 
After  removing  the  small  spring,  e,  the  prism  is  next 
placed  on  the  orass  plate,  and  fastened  in  the  position 
which  is  marked  first,  and  secured  by  screwing  down  the 
spring,  e.  If  the  axis  of  the  tube,  I),  be  now  directed 
towards  a  bright  surface,  such  as  the  flame  of  a  candle, 
the  spectrum  of  the  flame  is  seen  in  the  lower  half  of  Ihe 
field  of  the  telescope  on  moving  the  latter  through  a 
certain  angle  round  the  axis  of  the  foot,  A.  When  the 
telescope  has  been  placed  in  position,  the  tube,  I,  is  fastened 
on  to  tne  arm  belonging  to  it,  and  this  is  turned  through 
an  angle  round  the  axis  of  the  foot  such  that,  when  a  light 
is  allowed  to  fall  on  the  divided  scale,  the  image  of  the 
scale  is  seen  through  the  telescope,  F,  reflected  ft*om  the 
nearer  face  of  the  prism.  This  image  is  brought  exactly 
into  focus  b^  altenng  the  position  or  the  scale  in  tube  I ; 
and  by  tummg  this  tube  on  its  axis,  it  is  easy  to  make  the 
line,  in  which  one  side  of  the  divisions  on  the  scale  lie, 
parallel  with  the  line  dividing  the  two  spectra,  and  by 
means  of  the  screw  connected  with  I  to  bring  these  two 
lines  to  coincide. 

In  order  to  bring  the  two  sources  of  light,  K  and  L, 
into  position,  two  methods  may  be  employed.  One  of 
these  depends  upon  the  existence  of  bright  lines  in  the 
inner  cone  of  the  colourless  gas-flame.  Ii  the  lamp,  L,  be 
pushed  past  the  slit,  a  point  is  easily  found  at  which  these 
lines  become  visible.  The  lamp  must  then  be  pushed 
still  further  to  the  left,  until  these  lines  nearly  or  entirely 
disappear.  The  right  mantle  of  the  flame  is  now  before  the 
slit,  and  into  this  tne  bead  of  substance  under  examination 

•  BonMn  and  Eirchhoffon  "  Speotnun  Analysis.**    Phil.  Mag.,  1861. 
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must  be  brought.  In  the  same  way  the  poBiiion  of  the 
source  of  light,  K,  may  be  ascertained. 

The  second  method  is  aa  follows : — The  telescope,  F,  is 
so  placed  that  the  brightest  portion  of  the  spectram  of  the 
flame  of  a  candle  is  seen  in  about  the  middle  of  the  field 
of  view.  The  flame  is  then  placed  before  the  ocular  in  the 
direction  of  the  axis  of  the  telescope,  and  the  positioa 
before  the  slit  determined,  in  which  the  upper  half  of  the 
slit  appears  to  be  brightest.  The  lamp,  L,  is  then  placed 
so  that  the  slit  appears  behind  that  portion  of  the  flame 
from  which  the  most  light  is  given  ofl*.  after  the  intro- 
duction of  the  bead.  In  a  similar  way,  the  position  of  the 
lamp,  K,  is  determined  by  looking  through  the  small 
prism  and  the  lower  half  of  the  slit. 

By  means  of  the  screw,  e,  the  breadth  of  the  slit  can  be 
regulated  in  accordance  with  the  intensity  of  the  light 
and  the  degree  of  purity  of  the  spectrum  which  is  r^ 
quired.  Tlie  illumination  of  the  scale  is  best  effected  hj 
means  of  a  luminous  gas  flame  placed  before  it.  The 
light  can,  if  necessary,  be  lessened  by  placing  a  silTer 
paper  screen  close  betbre  the  scale.  The  degree  of  illu- 
mination suited  to  the  spectrum  under  examination  eu 
then  be  easily  found  by  placing  this  flame  at  differeai 
distances. 
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Weights  and  mea&ures,  page  717.  !Rible  I. — Specific  ara- 
vity  and  absolute  weight  of  several  gases,  page  720. 
Table  II. —  Weight  of  one  cubic  centimetre  of  air  at  dif 
f event  temperatures ^  page  721.  Table  III. — For  the 
conversion  of  degrees  on  the  Centigrade  scale  into  Fahren- 
heit  degrees,  page  723. 

Weights  and  measures. — The  following  tables  of  English 
weights  and  measures  are  those  used  in  science  and  com- 
merce. In  these  the  student  will  find  the  subdivisions  of 
the  two  English  pounds,  with  their  equivalents  in  French 
grammes  on  the  metrical  system. 

'*  The  two  systems  of  weights,  called  troy  and  avoirdu* 
poiSf  have  no  common  integer  except  the  grain.  Although 
the  names,  pound,  ounce,  and  drachm,  are  common  to  both 
systems,  they  denote  different  quantities  in  each.  The 
English  troy  pound  is  subdivided  into  12  ounces,  and 
each  ounce  is  equal  to  480  grains.  The  subdivisions  of 
the  troy  ounce,  called  apothecaries'  weight,  are  into  8 
drachms,  each  drachm  into  3  scruples,  and  each  scruple 
into  20  ^ains.  The  troy  ounce  is  also  divided  into  20 
pennyweights,  of  24  grains  each.  These  are  the  weights 
generally  employed ;  but  for  philosophical  purposes  ambi- 
^ity  is  most  easily  avoided  by  employing  the  grain  as 
integer,  and  the  laboratory  shoula  be  provided  with 
good  sets  of  weights,  from  1,000  grains  downwards :  the 
grain  should  be  decimally  subdivided  into  tenths,  hun- 
dredths, and  thousandths." 

Apothbcabies'  Weight. 

Found.     Ounces,     Drachms.     Scruples.  Grains.  Fr.  grms. 

1    =    12    =     96    =    288    =    5760  =  37296 

1    =      8    =      24    =      480  =  3108 

1    =        3    =        60  =        3-885 

1    =        20  =        1-295 

1  =        00647 
AvoiEDUPOis  Weight. 

Pound.     Ounces.        Dnchms.  Grains.  Fr.  grms. 

1    =    16    =    256    =  7000  =  453-25 

1    =      16    =      437-5  =  28-328 

1    =       27-343  =        1-77 
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Jfeaturet  tf  volume. — "Wei^^ts  are  connected  whk 
meBSores  by  the  sabdirisionfl  of  the  imperial  gallon.  The 
wei|^t  of  an  imperii^  gallon  of  absololelj  pure  water,  at 
30  inches  preaBore  and  62°,  is  tern  aroirdupois  mmmds^  or 
70,COiJ  grainf.  It  \»  equal  to  277*274  cabie  incnes.  It  ie 
one-fifth  more  than  the  old  wine  gallon,  t.  e^  30  impeiial 
are  =-  36  wine  gallona." 

Impebiai.  Meabusb. 

Fluid  Fluid 

GaSkm.      Piato.         oances.  dnKfaas.  ^f^^^^ 

1    =    8    =    1»J0    =    1,280  =  76,800 

1    =      20    =       160  =  9,600 

1    =           8  =  480 

1  =  60 

Weight  of  Watbe  at  62°. 

llMMie,  CulMe  inehea.  Gnina. 

1  gallon  =  277-274  =  70,000 

1  qnart  =  69  318  =  17.5<I0 

1  pint  =  34-659  =      8,750 

16  fluid  ounces  =  27727  =      7,000 

1  fluid  ounce  =  1*732  =         437*5 

1  fluid  drachm  =  0216  =           54*7 

1  minim  =  0*0336  =            0-91 

The  weight  of  one  cubic  inch  of  distilled  water  at  62°  if 
252*458  grains.  The  troy  ounce  of  distilled  water,  whiea 
contains  480  grains,  is  equal  to  1*8047  cubic  inches.  The 
wine  pint  corresponds  to  28*875,  and  the  imperial  pint  to 
34*65  cubic  inches  at  60='." 

The  Metrical  System. — "  The  French  metre  is  cqnil 
to  39*370788  English  inches.  The  metre  is,  in  France, 
the  integer  of  the  measure  of  length,  and  from  it  all  mea- 
sures of  surface,  capacity,  and  weight  are  derived.  The 
integer  of  the  measure  of  capacity  is  the  litre,  which  is 
the  cubed  decimetre,  and  is  equal  to  35*275  fluid  ounces, 
or  1*763  imperial  pints.  The  integer  of  the  measure  of 
weight  is  the  gramme,  =  15*434  English  grains.  It  is 
exactly  equal  to  the  weight  of  a  cm Wc  centimetre  of  water, 
weighed  in  vacuo  at  its  maximum  density  (39^*38).  The 
cubic  centimetre  is  employed  by  French  chemistts  in  all 
measurements  of  gases,  in  place  of  our  cubic  inch.  It  is 
equal  to  0061  of  a  cubic  inch.     The  weight  of  the  cubic 
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centimetre  of  water  is  to  the  cubic  inch  of  water  as 
16*434  to  252*458 ;  hence  there  are  16*34  cubic  centime- 
tres to  an  English  cubic  inch. 

"  This  rule  is  sufficiently  correct  for  practical  purposes. 
It  is  to  be  observed,  however,  that  the  French  take  the 
weight  of  the  cubic  centimetre  of  water  at  39*38  in  vacuo. 
The  English  take  the  weight  of  the  cubic  inch  (252  458 
grains)  at  62°  in  air.  Assuming  the  specific  gravity  of 
water  at  32°  to  be  1*000000,  the  specific  gravity  at  39*38 
is  to  the  specific  gravity  at  62**  as  1*000099  to  0*999000. 

"  The  French  measures  increase  and  decrease  in  decimal 
proportions.  For  the  increase,  a  prefix  is  used  derived 
from  the  Greek  deea,  hecto,  kilo,  and  myria  ;  the  integer, 
whether  metre,  litre,  or  gramme,  being  multiplied  by  10, 
100,  l,f)00,  and  10,000  respectively.  To  indicate  the  de- 
crease, the  prefixes  deci,  centi,  and  milli,  derived  from  the 
Latin,  are  employed.  In  this  case  the  integer  is  supposed 
to  be  divided  by  10, 100,  or  1,000. 

"  Various  plans  have  been  devised  for  converting  the 
French  weights  and  measures  into  their  English  equi- 
valents. The  following  tables  will  be  found  useful  for 
this  purpose  :— 


Mbasitbes 

Millimetre  = 

Centimetre  = 

Decimetre  = 
Metre 

Decametre  = 

Hectometre  = 

Kilometre  = 

Mjriametre  = 


OP  Lbkoth. 
English  inches. 
•03937 
•39371 
3*93708 
39-37079 
893*70788 
=      3,937*0788 
=    39,370-788 
=  393,707*88 


Meabxtees  of  Volume. 


MilliUtre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hectolitre 

Kilolitre 

MyriaUtre 


Cubic  inches. 
•06103 
•61028 
61028 
61*028 
610-28 
6,102-8 
61,028 
610,280 


Meabitbes  op  Weight. 

English  grftinB. 
*0154 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hectogramme 

Kilogramme 


1543 
=  1-5434 

=  15-434 

=         154-34 
=      1,543-4 
=    15,434 


Myriagramme  =  154,340 
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"A  kilogramme  is  equal  to  2*2046  pounds  avoirdupois; 
and  1,000  kilogrammes  are  equal  to  an  English  ton.  Hfe? 
quintiil,  or  50  kilogrammes,  is  equal  to  the  English  evt 
With  respect  to  the  equivalents  of  Engliah  and  Frenci 
weights  and  measures,  some  slight  differences  will  he 
found  amon^  English  writers.  These  arise  from  the  esl- 
culations  bemg  baaed  on  the  employment  of  a  larger  or 
smaller  number  of  decimal  figures.'* 

Surfaces  and  Capacities. — "  Surface  of  a  tpkere^ 
diameter  squared  x  3*141593.  Capaciiy  of  a  9pkere= 
diameter  cubed  X  0-5236.  Area  of  a  circle  =  diameter 
squared  x  0*785938.  Area  of  rectangle,  square  rkombt, 
and  rhomboid =\>tiBe  x  by  height.  UapacUy  if  the  prim 
or  cylinder  (rule  for  calculating  the  capacities  of  cyiia- 
drical  vessels  used  for  gases)  =  area  of  the  base  X  by 
height."* 

Table  L.^-Specifie  gravity  and  ahsoliUe  weight  of  «ecwra2 
gases. 


[ 

SpeciBcmv. 
AtmoBpneric 
aip=  1-000. 

1  Utre  (1,000 

tres)orpMatOi^C. 
and  0  76  metzv 
bar  premura 

weigfaa  grammes. 

Atmospheric  air    - 
Oxygen 
Hydrogen     - 
Water,  vapour  of  - 
Carbon,  vapour  of 
Carbonic  acid 
Carbonic  oxide      - 
Phosphorus,  vapour  of  - 
Sulphur,  vapour  of 
Hydrosulphuric  acid     - 
Iodine,  vapour  of  - 
Bromine,  vapour  of 
Chlorine        -        -        - 
Nitrogen 
Ammonia 

1-000 

11(>563 

0-06910 

0-62192 

0  82922 

1-521  i24 

0-96743 

4-33452 

6-63378 

1-17476 

8-76760 

6-52605 

2-46052 

096776 

0-58753 

1-29363 
1-43028 
008939     1 
0-8ai53     , 
107270 
1-96663 
1-25150 
5-60727 
8-58165 
1-51969 
1134203 
7-14866 
317007 
1-25192 
0-76005 

'  firande  and  Taylor's  "Manual  of  ChemutiT." 
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Tablis  II. — Weight  qfone  cubic  centimetre  of  atmospheric 
air  at  different  temperatures,  from  0"  to  300**  O. 
{grammes). 


0* 

0-001293 

39" 

0001131 

78- 

0001005 

in** 

0000905 

1 

0001288 

40 

0001128 

79 

0-001002 

118 

0-000903 

2 

0001284 

41 

0001124 

80 

0-001000 

119 

0-000900 

3 

0001279 

42 

0001121 

81 

0000997 

120 

0000898 

4 

0-001275 

43 

0-(K)1118 

82 

0-000994 

121 

0000896 

5 

0-001270 

44 

0001114 

83 

0-000992 

122 

0000894 

6 

0001266 

45 

0001111 

84 

0000989 

123 

0000891 

7 

0001261 

46 

0001108 

85 

0000986 

124 

0-000889 

8 

0-001257 

47 

0001105 

86 

0-000983 

125 

0000887 

9 

0-001252 

48 

0-001102 

87 

0000980 

126 

0-000884 

10 

0-001248 

49 

0-001098 

88 

0-000977 

127 

0-000882 

11 

0-001243 

50 

0-001095 

89 

0000974 

128 

0000880 

12 

0-001239 

51 

0-001091 

90 

0000972 

129 

0-000878 

13 

0001234 

52 

0-001088 

91 

0000969 

130 

0000876 

14 

0-001230 

53 

0001084 

92 

0-000967 

131 

0-000874 

15 

0-001225 

54 

0-001081 

93 

0000964 

132 

0-000871 

16 

0-001221 

55 

0001077 

94 

0000962 

133 

0000869 

17 

0-001217 

56 

0-001074 

95 

0-000959 

184 

0-000867 

18 

0001213 

57 

0-001070 

96 

0000956 

185 

0-000866 

19 

0-001209 

58 

0001067 

97 

0000953 

136 

0000863 

20 

0001205 

59 

0001063 

'  98 

0000951 

137 

0000860 

21 

0001201 

60 

0001060 

99 

0000948 

138 

0-000858 

22 

0-001197 

61 

0-001057 

100 

0-000946 

139 

0000856 

28 

0001193 

62 

0-001053 

101 

0000943 

140 

0000854 

24 

0001189 

68 

0001050 

102 

0000941 

141 

0000852 

25 

0-001185 

64 

0-001047 

103 

0000938 

142 

0-000850 

26 

0001181 

65 

0-001044 

104 

0000936 

143 

0000848 

27 

0001177 

66 

0001041 

105 

0000933 

144 

0-000846 

28 

0001173 

67 

0001038 

106 

0-000931 

145 

0000844 

29 

0001169 

68 

0001035 

107 

0-000928 

146 

0-000842 

80 

0-001165 

69 

0001032 

108 

0-000926 

147 

0000840 

81 

0-001161 

70 

0001029 

109 

0-000923 

148 

0000838 

32 

0001157 

71 

0001026 

110 

0000921 

149 

0000836 

83 

0-001154 

72 

0001023 

111 

0000919 

150 

0000834 

84 

0001150 

78 

0001020 

112 

0000916 

151 

0000832 

85 

0-001146 

74 

0001017 

113 

0-000914 

152 

0000830 

86 

0-001142 

75 

0001014 

114 

0-000911 

158 

0-000828 

87 

0001138 

76 

0001011 

115 

0000909 

154 

0000826 

88 

0001134 

77- 

0001008 
3 

116 

A 

0-000907 

155 

0000824 

722 
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156'  0  000822 
157  .  00CX)821 
;  0-000819 
■0-000817 
0000815 
0-000813 
.  0-000811 
■0-000809 
j  0-000807 
'0  000806 
.  ]  0-000804 


193H  0000757 


158 
159 
160 
161 
162 
163 
164 
165 
166 

167  I  0000802 

168  . 0  OOOSOO 

169  '  0  000798 
10000796 
1 0-000794 
'  0000793 

0000791 

0000789 

,  0000788 


170  I 

171  i 
172, 
173 
174 
175, 


176  ; 0000786 

177  ,0-0007at 

178  . 0  000782 


179  '  0  000781 


180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 


'  0  000779 
0-000777 
00O0776 
'  0000774 
0-000772 
0000770 
0000769 
0-000767 
0000765 
0001.763 
0(100762 
0000760 
0000758 


0000755 
0000754 
0000752 
0-000751 
0-000749 

199  I  0000748 

200  0000746 
0-000744, 
0-000743 
0000740 

204  0  000739 

205  : 0-000737 

206  I  0  00^736  , 

207  0-000734 
0-000733  : 
0-000731 1 
0-000730 1 

,  0-000728 

212  1  0000727 

213  0-000725 


I  194 

,195 

1196 

197 

198 


201 
202 
203 


208 
209 
210 
211 


»  I 

214  0-000724 

215  I  0000722 

216  I  0-000721 

217  ;  0-000719 

218  !  0000718 
76  219  0000716 


220 

221 

2-22 

'223 

'224 

1225 

■  226 

■  227 
228 


0-000715 
0000713 
0-C00712 
0-000710 
0-000709 
0000708 
0-000706 
0000705 
0000703 


229».  0-000702 

230  : 0-000701 

231  0-000699 

232  '  0-000698 

233  '  0000697 

234  0000695 

235  . 0-000694 

236  0-000692 

237  0  000691 

238  : 0-000690 
239,0-000689 

240  i 0000688 

241  !  0000686 

242  1 0000685 

243  1 0  000683 

244  !  0-000682 
0-000681 
0  0U0679 
0000678 
0  000677 
0000675 
0-000674 
0000673 
0000672 
0-000670 
0000669 
0-000668 
0-000666 
0000665 
0-000664 

259  ;  0000663 

260  0-000662 

261  I  0000660 

262  : 0-000659 

263  10000658 

264  1 0000657 


245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 


!  0-000^5 
O-0006S4 
0000653 
O-OO06a2 
0-000651 
0-000650 
0-000648 
0-000647 
0-000616 
0-OU0640 

275  , 0-O00643 

276  0-000642 

277  i  0^K»641 

278  j  O-O00640 
\  279  . 0-O0O639 

"        0000638 

0-000635 

0-000635 

0000634 

0-000633 

0-000631 

0-000690 

'  287  I  0000629 

288    O-000628 

!  289  j  0-000627 

290  10-000636 

:  291  i  0O0062S 

292  !  0-000624 

;  293  I  0  000623 

294    0000622 

.  295    0<X)0621 

,  296  I  0-0006^ 

297    0-000619 

,  298    0-000618 

299    0000617 

i  800   0-000616 


265' 
266 
267 
268 
269 
270 
271 
272 
273 
274 


280 
:  281 
•282 
.  283 
>  284 
;  285 

286 
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Table  III. — For  ike  conversion  of  degrees  on  the  Centu 
grade  thermometer  into  degrees  of  FahrenheiV s  scale. 


Cent. 

F«hr. 

Cent. 

r»hr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

—  40°- 

.  400 

-  r 

-f  30-2 

+  38" +  100-4 

-f-  77^  +  170-6 

89 

38-2 

0 

320 

39 

102-2 

78 

172-4 

38 

36-4, -f  1 

33-8 

40 

104-() 

79 

174-2 

37 

34-6 

2 

35-6 

41 

105-8 

80 

176  0 

36 

32-8 

3 

37-4 

42 

107-6 

81 

177-8 

36 

30Q 

4 

392 

43 

109-4 

82 

179  6 

34 

29  2 

6 

410 

44 

111-2 

83 

181-4 

33 

27-4 

6 

42-8 

45 

1130 

84 

183  2 

32 

26-6 

7 

44-6 

46 

114-8 

85 

1850 

31 

23-8 

8 

46-4 

47 

1166 

86 

1868 

30 

220 

9 

48-2 

48 

118-4 

87 

188-6 

29 

202 

10 

600 

49 

1202 

88 

190-4 

28 

18-4 

11 

618 

50 

122  0 

89 

li*2-2 

27 

16-6 

12 

63-6 

51 

1238 

90 

1940 

26 

14-8 

13 

65-4 

62 

1256 

91 

195-8 

25 

130 

14 

57-2 

63 

127-4 

92 

197-6 

24 

112 

15 

590 

64 

129-2 

93 

199-4 

23 

9-4 

16 

60-8 

65 

1310 

94 

201-2 

22 

7-6 

17 

626 

66 

132-8 

95 

2o3  0 

21 

6-8 

18 

64-4 

57 

134  6 

96 

204  8 

20 

40 

19 

662 

68 

136-4 

97 

2066 

19 

2-2 

20 

680 

59 

138  2 

98 

208-4 

18 

0-4 

21 

69-8 

60 

140-0 

99 

210-2 

17  + 

1-4 

22 

71-6 

61 

141-8 

100 

212-0 

16 

3-2 

23 

73-4 

62 

1436 

101 

213-8 

16 

60 

24 

75-2 

63 

145-4 

102 

215-6. 

14 

6-8 

25 

77-0 

64 

147-2 

103 

217-4 

13 

8-6 

26 

78-8 

65 

149-0 

104 

2192 

12 

104 

27 

80-6 

66 

1508 

105 

221-0 

11 

122 

28 

82  4 

67 

152-0 

106 

222-8 

10 

140 

29 

84-2 

68 

154-4 

107 

224-6 

9 

15-8 

30 

860 

69 

1562 

108 

226-4 

8 

17-6 

31 

87-8 

70 

1580 

1U9 

228  2 

7 

19-4 

32 

89-6 

71 

159-8 

110 

2300 

6 

21-2 

33 

91-4 

72 

161t. 

111 

231-8 

6 

230 

34 

93-2 

73 

163-4 

112 

233-6 

4 

24-8 

36 

950 

74 

1662 

113 

236-4 

3 

26-6 

36 

96-8 

75 

167-0 

114 

237-2 

2 

28-4 

37 

98-6 

76 

168-8 

116 

239-0 
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Table  HI. — continued. 


Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

+  116^ 

-h240-8 

-fl56« +312-8 

+196^+384-8 

+236** +456-8 

117 

242-6 

167 

314-6 

197 

386-6 

237 

458-6 

118 

244-4 

168 

316-4 

198 

388-4 

238 

460-4 

119 

246-2 

159 

318-2 

199 

390-2 

239 

4622 

120 

248-0 

160 

320-0 

200 

392-0 

240 

464H) 

121 

249-8 

161 

321-8 

201 

393-8 

241 

466-8 

122 

261-6 

162 

323-6 

202 

395-6 

242 

467-6 

123 

253-4 

163 

325-4 

203 

397-4 

243 

469-4 

124 

255-2 

164 

327-2 

204 

399-2 

244 

471-2 

125 

2570 

165 

329-0 

206 

4010 

245 

473-0 

126 

258-8 

166 

330-8 

206 

402-8 

246 

474-8 

127 

260-6 

167 

332-6 

207 

404-6 

247 

476-6 

128 

262-4 

168 

334-4 

208 

406-4 

248 

478-4 

129 

264-2 

169 

336-2 

209 

408-2 

249 

480-2 

130 

2660 

170 

3380 

210 

410-0 

250 

482-0 

131 

267-8 

171 

339-8 

211 

411-8 

261 

483-8 

132 

269-6 

172 

341-6 

212 

413-6 

262 

485-6 

133 

271-4 

173 

843-4 

213 

415-4 

263 

487-4 

134 

273-2 

174 

3452 

214 

417-2 

264 

489^ 

136 

275-0 

175 

3470 

215 

4190 

255 

491-0 

136 

276-8 

176 

348-8 

216 

420-8 

266 

402-8 

137 

278-6 

177 

350-6 

217 

422-6 

267 

4946 

138 

280-4 

178 

352-4 

218 

424-4 

268 

496-4 

139 

282-2 

179 

3542 

219 

426-2 

269 

498-2 

140 

2840 

180 

3560 

220 

4280 

260 

500O 

141 

285-8 

181 

357-8 

221 

429-8 

261 

501-8 

•  142 

287-6 

182 

359-6 

222 

431-6 

262 

603-6 

143 

289-4 

183 

361-4 

223 

433-4 

263 

506-4 

144 

291-2 

184 

363-2 

224 

435-2 

264 

507-2 

145 

2930 

185 

365-0 

225 

4370 

266 

609-0 

146 

294-8 

186 

366-8 

226 

438-8 

266 

510-8 

147 

296-6 

187 

368-6 

227 

440-6 

267 

512-6 

148 

298-4 

188 

370-4 

228 

442-4 

268 

5U-4 

149 

300-2 

189 

372-2 

229 

444-2 

269 

616-2 

150 

302-0 

190 

3740 

230 

446-0 

270 

618-0 

151 

803-8 

191 

375-8 

231 

447-8 

271 

519-8 

152 

305-6 

192 

377-6 

232 

449-6 

272 

621-6 

153 

307-4 

193 

379-4 

283 

451-4 

273 

523-4 

154 

309-2 

194 

381-2 

234 

453-2 

274 

625-2 

156 

311-0. 

195  . 

3830 

236 

4560 

276 

627-0 
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Tablb  III. 

— continued. 

Oent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

Cent. 

Fahr. 

^276°+ 528-8! -h:i98°+6t58-4 

+319'. 

f  606-2 

+  340"'  +  6440 

277 

630-6 

299 

570-2 

320 

608-0 

341 

645-8 

278 

532-4 

300 

572-0 

321 

609-8 

342 

647-6 

279 

534-2 

301 

673-8 

322 

611-6 

343 

649-4 

280 

536-Oi 

302 

675-b 

323 

613-4 

344 

651-2 

281 

637-8 

303 

577-4 

324 

615-2 

345 

6530 

282 

539-6 

304 

679-2 

326 

6170 

346 

664-8 

283 

541-4 

305 

581-0 

326 

618-8 

347 

656-6 

284 

543-2 

306 

682-8 

327 

620-6 

348 

668-4 

285 

545-0 

307 

584-6 

328 

622-4 

349 

660-2 

286 

546-8 

308 

586-4 

329 

624-2 

350 

6620 

287 

648-6 

309 

688-2 

330 

626-0 

351 

663-8 

288 

650-4 

310 

590-0 

331 

627-8 

352 

666-6 

289 

552-2 

311 

591-8 

332 

629-6 

353 

667-4 

290 

654-0 

312 

593-6 

333 

631-4 

354 

669-2 

291 

555-8 

313 

595-4 

334 

633-2 

355 

671-0 

292 

657-6 

314 

597-2 

335 

6350 

356 

672-8 

293 

559-4 

315 

599-0 

336 

636-8 

357 

674-6 

294 

561-2 

316 

600-8 

337 

638-6 

358 

676-4 

295 

563-0 

317 

602-6 

338 

640-4 

369 

678-2 

296 

564-8 

318 

604-4 

339 

642-2 

360 

680-0 

297 

566-6 

726 


APPENDIX  II. 


In  this  Appendix  18  given  a  selection  of  Questions 
from  the  last  two  years'  examination  papers  on  cnemistiT' 
of  the  Museum  of  Irish  Industby,  the  Koyal  School 
OF  Mines,  the  London  Univehsity,  Tbinity  Collegb, 
Dublin,  the  Queen's  Colleges  of  Belfast  and  Cobe, 
the  Queen's  Univehsity  of  Ibeland,  the  Examination 
for  Science  Cbbtificatbs  and  Science  Schooi^  Db- 
PAETMENT  of  SciENCE  and  Abt,  which  can  be  answered 
either  from  this  book  or  my  other  two  works,  viz.,  the 
"  First  Step  in  Chemistry,"  and  the  "  Qualitative  Ana- 
lysis." 

I  have  employed  the  following  contractions : — S.  S.  for 
"  Second  Step  in  Chemistry."  F.  S.  for  "  First  Step,"  and 
Q.  A.  for  "  Qualitative  Analysis ;"  par.  for  paragraph. 


MUSEUM  OF  IRISH  INDUSTEY .• 

1862. 

"Write  tbe  formulae,  and  state  briefly  tbe  more  im- 
portant physical  and  chemical  properties,  of  the  compounds 
of  hydrogen  with  S,  CI,  N,  Te,  P,  Br,  As,  Fl,  Se,  Sb,  I; 
and  give  in  each  case  the  volumes  of  the  constituents 
before  combination,  and  the  volume  of  the  compound, 
compared  wiih  the  volume  of  the  equivalent  of  oxygen 
=  1.— [S.  S..  pars.  269  to  271.] 

Write  the  formulae  of  the  following  glycerides : — Mono- 
stearin  e,  dichlorhydrine,  tributyrine.  What  would  be 
the  action  of  potash  upon  tbem  P  and  apply  the  reaction 
to  explain  the  process  of  saponiflcation. — [S.  S.,  para.  834 
to  869.] 

Define  what  acids,  bases,  and  salts  are,  according — 1,  to 
the  acid  and  base  theory  ;  and,  2,  the  salt  radical  theory ; 

*  The  old  atomic  weights  of  carbon  s  6»  and  oxygen  =r  8,  are  to  be  adootod 
in  answering  the  Museum  questions.  Water  is  therefore  repreoented  by 
formula  §  }  O.. 
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a»nd  illustrate  your  explanatiou  by  showing,  by  means  of 
symbols,  the  action  of  a  hydrogen  acid,  and  of  a  bydrated 
acid  upon  a  base.— [S.  S.,  pars.  219  to  230.1 

Show  by  means  of  symbols  how  the  following  bodies 
may  be  supposed  to  be  derived  from  water,  with  the 
©quiralent  doubled  H,  0, : — Hydrated  potash,  anhjdrous 
potash,  moDohydrated  nitric  acid,  anhydrous  nitric  acid, 
carbonate  of  potash,  amylic  alcohol  (CwHiaOj),  vinio 
ether,  hydrated  butyric  acid  (C«  H9  O4),  anhydrous  butyric 
acid,  and  butyric  ether.— [S.  S.,  pages  248  to  252.] 

What  are  vinio  acids  ?  and  explain  the  production  of 
ether  by  the  action  of  alcohol  upon  sulphovinic  acid ;  and 
show  by  means  of  such  reactions  why  the  formula  of 
ether,  hitherto  in  use,  must  be  doubled. — [S.  S.,  pars. 
670  and  376  to  391.] 

What  are  monamines,  monamides,  diamines,  diamides, 
&c.  P  and  explain,  by  means  of  symbols,  the  connection 
between  the  following  bodies  and  those  just  named : — 
Bimethylamine  (C4H7N),  acetamide  (C^H^NO,),  urea 
(CaH^NsOjj),  biethyl  urea  (CioHuNjOj),  citramide 
(C«  Hu  N,  Oa).-[S.  S..  chap.  X.] 

Explain  what  is  understood  by  the  terms  monatomid, 
diatomic,  and  triatomic  alcohols,  and  give  an  example  of 
each;  and  show  how  many  classes  of  ethers  may  be 
formed  by  each  with  hydrochloric  acid.— [S.  S.,  pars. 
653.  656,  572,  741,  and  841]. 

Define  briefly  the  following  terms: — AUotropism,  di- 
morphism, isomerism,  homologous,  and  isologous  series. — 
[S.  S.,  pars.  191  to  193 ;  230,  and  Appendix  A,  page  278  ; 
also  P.  S.,  chap.  XIII.] 

Give  a  brief  definition  of  the  following  numerical  laws:-* 
1,  law  of  definite  proportion;  2,  law  of  multiple  pro- 
portion ;  3,  law  or  equivalents ;  4,  law  of  compound 
?roportion;  Gay  Lussac's  law  of  volume.— [F.  8.,  pars. 
26  to  144,  and  S.  S.,  chap.  II.] 

Four  hundred  volumes  of  a  gaseous  mixture,  con- 
sisting of  100  measures  of  a  carbide  of  hydrogen  and  300 
of  oxygen,  on  being  exploded  by  means  of  an  electric 
spark,  were  reduced  to  200  volumes.  On  agitating  the 
residual  gas  with  caustic  potash,  100  volumes  dissolved, 
leaving  100  of  undissolvea  pure  oxygen — the  dissolved 
gas  being  carbonic  acid,  what  was  the  specific  gravity  of 
the  original  carbide  of  hydrogen,  and  its  formula  P 
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Specific  grayity  of  carbon      =  0846 
„         hydrogen  =  0*069 
— rS.  S.;  Exercwe  86,  page  72.] 

Calculate  the  formula  of  an  acid  body  from  the  follow- 
ing analyses  of  the  hydrated  acid  and  ite  silver  salt : — 
Hydnitedaeid.  8ih«r  saH,  dried  at  lOOP  Ceoi. 

C  40-68  14-46 

H  509  1*20 

054  23  14-46 

AgO—  69-88 

10000  100-00 

Equivalent  of  Carbon  6 

„  Hydrogen        1 

Oxygen  8 

Silver  108 

— [F.  S.,  chap.  XX.] 

1863. 

Write  the  formulse,  and  give  the  equivalent  Yolume 
(of  such  as  can  be  experimentally  determined),  compared 
with  that  of  hydrogen  =  2,  of  the  following  compounds: — 

Compounds  of  hydrogen  with — Br,  S,  P,  O,  As,  CI,  Tci 
H,Sb.I,Se,N. 

Compounds  of  oxygen  with — S,  Br,  Se,  Te,  Aa,  CI,  I,  Bo, 
8i,N,C,P.Sb. 

Compounds  of  chlorine  with — S,  P,  As,  Sb. — [S.  S., 
pars.  269  to  271.] 

How  would  you  express  the  composition  of  the  following 
compounds,  by  supposing  them  to  be  derived  from  the 
watertypeP— Al,6,;KO,  SO.;  HO,  SO.;  SnO,;  HO. 
NO.;  KO.HO;  KO;  3H0,P0,;  HS.  — [S.S.. 
pages  248  to  262.] 

Classify  the  following  metals  into  those  which — a, 
decompose  water  in  the  cold ;  &,  at  the  temperature  of 
boiling ;  c,  at  a  red  heat ;  d,  in  the  cold  in  the  presence  of 
an  acid ;  e,  at  a  white  heat ;  and /*,  not  at  all :— <^a,  Bi, 
Cd.  K.  Mg,  Al,  Cu,  Hg,  Co,  Ag,  Fe,  Au.— [F.  S.,  pages 
294  to  297.] 

Classify  the  following  oxides  into  those  which — a,  are 
reduced  to  the  metallic  state  by  heat  alone ;  h,  which  are 
not  reduced  by  hydrogen  alone;  e,  which  are  not  redacfd 
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by  charooal  alone:— Cr,0„  MnO.  Fe. 0„  Zn O,  A], O, 
Ag  O.  Au  0„  Cu  O  — [F.  S.,  pages  294  lo  297.] 

What  do  you  understand  bj  the  terms  isomorphism 
and  dimorphism,  and  allotropism  P  —  [S.  S.,  pars.  243, 
230,  and  191  to  193.] 

What  are  vinic  acids  P  and  explain  the  theory  of  etheri- 
fication.— [8. 8.,  pars.  670  and  376  to  391.] 

If  the  formula  of  a  monobasic  alcohol  be  C2mH2m+aOs, 
how  would  you  write  the  formulss  of  the  following  deri- 
vatives P —  The  radical  in  combination  and  free;  the 
aldehyde;  the  monobasic  acid  with  O4;  the  biatomio 
alcohol ;  the  triatomio  alcohol ;  the  biatomic  acid ;  the 
primary  monamine  base  containing  the  radical ;  and  the 
urea,  or  diamine,  containing  the  radical  of  the  biatomio 
acid.— [8. 8.,  pars.  460  to  462, 663,  736, 761,  834, 973, 1061 
to  1063.] 

Write  the  formula  of  the  following  compounds  de- 
rived from  common  alcohol,  C4  H«  0|  —  sulphide  of 
ethyl  (=4 vol.);  tellur-ethyl ;  the  compounds  of  ether 
with  sulphurie  acid,  correspondiug  to  neutral  and  bi- 
Bulphate  of  potash  (=  4  voi.) ;  acetic  ether ;  iodide  of 
ethyl.— [8.  8.,  pars.  666,  670,  672,  710  to  716,  and  826 
to  830.] 

Write  the  formula  of  the  following  fats : — Trichlorhjr- 
drine,  monochlorhydrine,  diacetine,  monostearine,  tn- 
oleine  (glycerine,  C«  Hg  Oe ;  acetic  acid,  C4  H4  O4 ;  stearic 
acid.  Cm  Hm  O4 ;  oleic  acid,  C,.  0,404).— [8. 8.,  pars.  841 
to  866.] 

^hat  formula  would  you  assign  to  a  salt  having  the 
following  composition  P— * 

Pb  O  -  83-27  ;  Equivalent  of  lead      =  104 
NO.— 13-38  V  ••  oxygen—     »       . 

HO—  3.36^  ''^  jj         ~_l 

— [F.  8.,  chap.  XX.] 
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EOYAL  SCHOOL  OF  MINES,  LONDON. 

1862. 

Series  J.* 

The  formula  of  nitric  acid  is  HNO,.  What  is  the 
composition  of  nitric  acid  in  100  parts  P  H  =  I ;  O  =  16 ; 
N  =  14.  Give  details  of  calculation.— [F.  S.,  chap.  XIX.j 

State  the  composition  of  fire-damp  and  choke-damp  in 
mines. — [F.  S.,  pars.  559  and  565.] 

How  is  benzoic  acid  converted  into  benzoic  aldehyde? 
— [S.  S.,  par.  694.] 

Express  in  formuls  the  several  stages  of  the  action  of 
ammonia  upon  oxalic  ether. — [S.  S.,  par.  827.] 

Series  IL 
A  salt  has  been  found  to  contain,  in  100  parta, — 

EqiuTaleatfl  to  be  lued. 

Phosphorus         -    12*66  P     =  31 

Magnesium  -      9-79  Mg  =  24 

Nitrogen     -        -      6-71  N    =  14 

Hydrogen   -        -      6-64  H    =    1 

Oxygen        -        -    65-31  O    =  16 

What  is  the  formula  of  the  salt  P    Give  details  of  calcnla^ 
tion.— [F.  8..  chap.  XX.] 

The  formula  usually  adopted  by  chemists  for  felspar  is 
K  O,  Si  0„  Al,  0.,  3  Si  0..  In  this  formula  K  =  39; 
Al  =  13-7 ;  Si  =  21 ;  0  =  8.  What  is  the  formula  of 
felspar  if  the  following  equivalents  are  taken  P — £  =  39; 
Al  =  27*4 ;  Si  =  28 ;  O  =  16.  Give  details  of  calculatioD. 
— [S.  S.,  page  168,  par.  4 ;  par.  884 ;  and  F.  S.,  chap.  XX.1 
A  volume,  Y.,  of  sulphuretted  hydrogen  is  decomposed 
by  an  excess  of  bromine.  What  is  the  volume  of  the 
resulting  hydrobromio  acidP — [S.  S.,  page  166,  pars.  1 
and  2.] 

How  much  oxygen  is  required  for  the  complete  com- 
bustion of  100  volumes  of  a  gaseous  mixture,  consisting  of 
60  volumes  of  marsh  gas  and  60  volumes  of  defiant  gas? 
How  many  volumes  of  carbonic  acid  are  generated  P — 
[S.  S.,  page  73,  Exercises  89  and  90.] 

*  The  student  is  only  permitted  to  answer  eight  qaesiions ;  he  msy  sdeet 
them  from  Series  I.  or  il.,  or  from  both:  the  Talue  attached  to  the  conect 
answer  of  each  question  in  Series  L  is  0,  and  of  those  in  Series  IL  is  9. 


APPBKDIX.  731 

Give  an  outline  of  the  manufacture  of  sulphuric  acid. — 
[F.  S.,  par.  646.] 

Give  an  outline  of  the  manufacture  of  nitric  acid,  and 
Btate  the  quantities  of  sulphuric  acid  (H,  S  O4),  nitrate  of 
potassium  (K  N  O,),  or  nitrate  of  sodium  (Na  N  O5),  which 
are  required  to  produce  1  pound  of  nitric  acid  (H  N  0,) : 
H=l;  0=16;  ]Nr=14;  S  =  32 ;  K  =  39;  Na  =  23. 
—  [F.  S.,  par.  522,  chap.  XX ;  and  S.  S.,  par.  788.1 

Name  the  more  frequently  occurring  mineral  com- 
pounds which  are  insoluble,  hoth  in  water  and  acids,  and 
describe  the  process  of  rendering  them  soluble  for  analysis. 
— [Q.  A.,  par.  591.] 

Calculate  the  quantities  of  black  oxide  of  manganese 
and  hydrocbloric  acid  which  are  necessary  to  convert 
respectively  into  chloroform  (C  H  Cls),  ana  chloride  of 
carbon  (C  Ul^),  the  quantity  of  marsh  gas  evolved  by  the 
distillation  of  1  pound  of  acetic  acid  with  an  excess  of 
lime. — [S.  S.,  par.  637 ;  and  F.  S.,  par.  528,  and  chap. 
XIX.] 

Describe  the  method  of  preparing  the  chlorides  of  the 
acid-radicals,  and  their  deportment  under  the  influence  of 
water,  alcohol,  and  ammonia. — [S.  S.,  pars.  927  to  929,  and 
page  422,  par.  5.] 

The  analysis  of  an  organic  body,  containing  carbon, 
hydrogen,  and  oxygen,  gave  the  following  experimental 
numbers : — 

Substance  burnt      -        -    0*33        C  =  12 
Carbonic  acid  found        -    0'66        H=  1 
Water  found  -        -        -    027        O  =  16 

The  vapour  density  of  the  substance,  referred  to  the  den- 
sity of  nydrogen  as  unity,  was  found  to  be  22.  What  are 
the  composition  and  formula  of  the  compound  P  Give 
details  or  calculation. — [F.  S.,  chap.  XX.;  and  S.S.,  pars. 
131  to  136.] 

Give  illustrations  of  monatomic,  diatomic,  and  triatomio 
alcohols,  and  of  the  aldehydes  and  acids  corresponding  to 
them.— [S.  S.,  pars.  553  to  563,  478,  734  and  760,  834 
and  860.] 

1863. 

Series  I, 

The  formula  of  natrolite  is  Al,  0„  2  Si  0„  NsgO,  Si  O., 
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2H,0.    Calculate  the  per-eentage  composition  of  tbit 
mineral ;  the  following  equiTalenta  to  be  naed : — 

Hydrogen =      1 

Aluminum  -----    =    27*4 

Sodium =    23 

Silicium     -        -        -        -  •      -    =    28 

Oxygen =    16 

Give  such  details  as  will  show  the  mode  of  calculation.— 
[F.  S.,  chap.  XIX.] 

How  many  volumes  of  carbonic  acid  gas  are  formed  bj 
the  combustion  of  50  rolumes  of  carbonic  oxide  ? — [S.  S., 
pars.  97  and  98.] 

Describe  one  of  the  processes  for  the  separ&tioa  of 
nickel  and  cobalt, — [Q.  A.,  par.  167.] 

In  a  nitrogen  determination  by  combustion  with  soda^ 
lime,  0*223  gramme  of  substance  furnished  0*067  gramme 
of  platinum.  What  is  the  per-centage  of  nitrogen  in  the 
compound? — 

Pt=  197-4  N  =  14 

— [F.  S.,  chap.  XIX.] 

Urive  the  composition,  properties,  and  mode  of  prepan- 
tion  of  mercaptan,  and  state  its  relation  to  water  and 
alcohol.->[S.  S.,  par.  366.] 

Give  the  composition  of  an  animal  fat.  and  desoribe  the 
process  of  saponification.— [8.  S.,  par.  836.] 

Series  JI. 

How  much  chlorate  of  potassium  is  required  to  obtain 
4  litres  of  oxygen  measured  at  0"  C.  and  0*760  metras 
pressure  P  One  litre  of  hydrogen  at  the  same  tempera- 
ture and  pressure  weighs  0*901  grammes.  Give  such 
numerical  details  as  will  show  the  method  of  calculaticD. 
[S.  8.,  pars.  1  to  4,  and  Exercises.] 

The  per-centage  composition  of  a  mineral  has  been 
found  by  analysis  to  be — 

Aluminum 10-81 

Silicium 22-10 

Calcium 7-89 

Hydrogen 2-37 

Oxygen 56*83 

100-00 
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Whafc  is  tlie  formal»  of  the  mineral  P  The  followiog 
equiyalents  to  be  used :— 

Aluminam 27'4 

Silicium 28 

Calcium 40 

Hydrogen I 

Oxygen 16 

— [S.  Sm  page  168,  par.  4,  and  pars.  883  to  893 ;  and  F.  S., 
ohap.  XX.] 

Supposing  the  whole  of  the  nitrogen  contained  in  100 
Yolumes  of  ammonia  to  be  converted,  in  one  case  into 
cyanogen,  and  in  a  second  case  into  nitrous  oxide,  how 
many  yolumes  of  cyanogen  and  how  many  volumes  of 
nitrous  oxide  may  be  thus  obtained  P — [F.  S.,  pars.  527 
and  626.] 

PhoBphoretted  hydrogen  (Ht  P)  is  decomposed  by 
chlorine,  so  .as  to  yield  hydrochloric  acid  and  penta- 
chloride  of  phosphorus,  how  many  volumes  of  chlorine 
are  required  by  100  volumes  of  phosnhoretted  hydrogen, 
and  how  many  volumes  of  hydrochloric  acid  are  gene- 
rated?—[S.  S.,  page  167,  par.  3,  and  page  166,  par.  1.] 

Describe  the  composition,  properties,  and  mode  of  pre- 
paration of  triethylphosphine.— [S.  S.,  pars.  984  to  988, 
and  Exercise.] 

Twenty  cubic  centimetres  of  methylic  ether  (Ci  He  O) 
are  submitted  to  combustion.  How  many  cubic  centi- 
metres of  oxygen  are  required  for  its  complete  combus- 
tion P  and  how  many  cubic  centimetres  of  carbonic  acid 
are  produced  P — [S.  8.,  page  73,  Exercise  90.] 

Give  an  outline  of  the  principal  derivations  of  ammonia. 
— rS.  S.,  chap.  X.] 

The  combustion  of  a  liquid  has  led  to  the  formula 
C4  Hm  O.  State  the  alcohol  and  ethers,  simple  and 
mixed,  which  this  formula  represents  P  Again,  a  liquid 
has,  hj  analysis,  been  found  to  contain  C4  Hs  O9.  State 
the  acid  and  several  compound  ethers  which  this  formula 
expresses. — [S.  S.,  page  290,  list  of  alcohols,  and  pars. 
573  and  574 ;  page  306,  list  of  acids,  and  par.  710.] 

METALLURGY. 
1862. 
Estimate  the  theoretical  maximum  calorific  intensity 
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of  hydrogen  and  carbonic  oxide  when  burned  in  oxygen, 
the  specific  heat  of  the  vapour  of  water  being  0*475,  and 
the  latent  heat  of  steam  537°  C,  and  the  specific  heat  of 
carbonic  acid  being  0*2164. — [S.  2S.,  par.  1399,  and  Exer- 
cise 205.] 

1863. 

Suppose  three  parts  by  weight  of  carbonic  oxide,  and 
five  parts  by  weight  of  carbon  to  be  converted  into  car- 
bonic acid ;  how  much  water  will  the  heat  thereby  deve- 
loped raise  from  1°  C.  to  100°  C.?— [S.  S.,  pars.  1398  to 
1401.] 

State  the  number  of  units  of  heat  which  should  be 
produced  respectively  by  the  perfect  combustion  of  10 
parts  by  weight  of  coal  of  the  following  composition  :— 
C  =  85*81,  fl  =  5*85,  and  O  =  8*34,  and  five  parU  by 
weight  of  air— dried  wood.— [S.  S.,  pars.  1397  to  1405.]' 
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The  chemistry  papers  from  the  following  examinatioii 
in  this  university  have  been  selected : — 
Matriculation  Examination  (Pass  and  Honours). 
First  and  Second  B.Sc.  Examinations  (Pass). 

„  „  „  (for  Honours). 

Examination  for  the  degree  of  Doctor  of  Science. 


MATEICULATION— PASS  EXAMINATION. 
1861. 

A  quantity  of  oxygen  measures  10  cubic  inches  at 
5°  C. :  required  its  volume  at  60°  F.,  the  pressure  remain- 
ing unaltered. — [S.  S.,  par.  15.] 

Explain  and  exemplify  the  terms  "  specific  heat "  and 
"latent  heat"— [S.  S.,  pars.  43  and  1286.] 

Enumerate  the  compounds  which  nitrogen  forms  with 
oxygen ;  give  the  symbol  and  combining  number  of  each. 
Wnat  action  takes  place  when  nitric  acid  is  poured  upon 
copper  P  Describe  the  gaseous  compound  which  is  then 
formed.— [F.  8.,  pars.  521,  525 ;  and  Ex.  73,  pagfe  35.] 

What  are  the  components  of  atmospheric  air  P  De- 
scribe  the  properties  of  its  two  most  abundant  consti- 
tuents, and  state  how  each  may  be  obtained  separately.— 
[F.  8.,  pars.  520,  519,  and  516.] 
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Descnbe  the  preparation,  composition,  density,  and 
chemical  properties  of  hydrochloric  acid. — [F.  S.,  par.  533.] 

What  is  the  composition  of  carbonic  acid  P  How  is  it 
obtained  in  a  state  of  purity  ?  Describe  its  properties  in 
solid,  liquid,  and  gaseous  foims.  State  its  principal 
natural  sources.— [F.  S.,  par.  555.] 

A  room  of  2,000  cubic  feet  is  heated  from  60**  to  80°  F. : 
liow  much  air  is  expelled  from  the  room,  using  Keg- 
nault's  co-efficient  of  expansion,  viz.,  ^rr  of  the  bulk  at  32° 
for  each  degree  of  Fanrenheit's  thermometer? — [S.  8., 
pars.  10  to  15.] 

What  weight  of  atmospheric  air  is  needed  for  the  com- 
plete combustion  of  1  lb.  of  carbon  P— [S.  S.,  par.  140O.] 

Describe  the  preparation  and  properties  of  nitric  acid. 
Give  the  tests  for  its  presence. — [F.  S.,  par.  522 ;  and 
Q.  A.,  par.  473.]  • 

How  do  you  distinguish  chemical  affinity  from  other 
molecular  forces? — [F.  S.,  pars.  24  and  126.] 

1862. 

What  are  the  fixed  points  from  which  a  thermometer 
is  graduated?  State  why  they  have  been  selected. 
What  degree  on  Fahrenheit's  scale  corresponds  with 
7°  C.  P  and  what  degree  on  the  Centigrade  scale  with 
70°  F.  ?— [S.  S.,  pars.  1237  to  1252.] 

Mention  the  principal  components  of  the  atmosphere, 
and  their  relative  proportions.  How  may  the  presence 
of  each  be  proved  P  Describe  two  of  the  best  methods  of 
obtaining  tne  most  active  of  these  constituents. — [F.  S., 
par.  5200 

Give  the  composition  of  water  by  weight  and  volume. 
State  in  words,  and  describe  by  symbols,  the  action  of 
diluted  sulphuric  acid  upon  zinc  and  u^on  oxide  of  zino 
respectively.  Mention  the  proportions  m  which  each  of 
the  substances  employed  or  produced  enters  into  the 
reaction.— [F.  S.,  par.  518.] 

Describe  in  words,  and  represent  in  symbols,  the  effects 
of  heat  upon  nitrate  of  ammonia.  Give  some  account  of 
the  chemical  properties  of  the  gaseous  product. — [F.  S., 
par.  526.] 

How  is  chlorine  obtained  P  Describe  its  principal 
properties,  and  mention  the  other  elements  which  are 
allied  to  it.— [F.  S.,  par.  528 ;  and  S.  S.,  par.  270-1.] 
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What  is  theaotion  of  oil  of  vitriol  upon  common  table  rait? 
DeHcribe  the  properties  of  the  products. — [F.  8.,  par.  533.] 

At  what  degree  of  the  Fahrenheit  scale  doee  ice  mehr 
and  at  what  degree  does  water  boil  P  Give  the  oorre- 
spending  temperatures  of  the  Centigrade  and  fieaumor 
scales.-HS.  S.,  pars.  1246  and  1247.] 

What  experiment  would  you  armnge  in  order  to  asoa- 
tain  whether  a  pound  of  mercury  absorbs  as  much  heat  as 
a  pound  of  water,  when  heated  from  40"  to  SO^F.P— 
[S.  S.,  par.  1286.] 

A  room  contains  1,000  cubic  feet  of  air :  how  many 
cubic  feet  of  oxygen  are  contained  in  it  P  What  ia  tlie 
other  principal  constituent  of  airP  and  what  ia  the  pro- 
portion by  weight  in  which  it  occurs  in  the  atmosphere? 
— rS.  S.,  par.  620.] 

Describe  by  symbols  the  preparation  of  ammoniaeal 
gas  from  sal-ammoniac.  Enumerate  the  principal  pro- 
perties  of  the  gaa.— [F.  S.,  par.  527.] 

MATEICULATION-EXAMINATIOJS^  FOB 

HONOUES, 

1861. 

What  Tolume  of  carbonic  oxide  is  obtained  by  reducing 
100  cubic  centimetres  of  carbonic  acid  by  red-hot  char- 
coal P — [S.  S.,  par.  97,  and  Example.] 

Describe  the  formation  and  properties  of  the  compounds 
of  sulphur  and  oxygen. — [F.  S.,  pars.  544  to  547.] 

Explain  what  is  meant  by  a  degree  of  temperature  oo 
the  Fahrenheit's  scale,  and  on  the  Centigrade  scale. — 
[S.  S.,  pars.  1245  to  1248.] 

What  would  —  220®  F.  represent  in  degrees  Centigrade  P 
and  what  90"  Centigrade  in  degrees  Fahrenheit  P — [S.  8., 
par.  1254.] 

Give  an  outline  of  the  process  for  obtaining  snlphnrie 
acid,  explaining  the  chemical  changes  which  occur.— {F. 
8.,  par.  546.] 

How  is  ammonia  prepared  in  the  gaseous  and  in  the 
liquid  state  P  What  are  the  most  common  impurities  id 
a  solution  of  ammonia  P — [F.  S.,  par.  527.] 

Explain  what  is  meant  by  the  terms  monobasic,  di- 
basic, and  tribasic  acids ;  ana  gi^e  instances  of  each  olaas. 
— [S.  S.,  pars.  600  to  610.] 
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1862. 

Describe  tlie  action  of  water  upon  the  following  metalg, 
Tiz.'^sodiam,  iron,  and  lead,  exmaining  the  differences  in 
the  effects  correspondiDg  to  oifferent  temperatures. — 
IF.  8.,  pages  294  and  296.1 

How  much  air  is  needed  for  the  combustion  of  a  cubic 
inch  of  sulphuretted  hydrogen? — [F.  8.,  par.  620,  and 
S.  8.,  paffe  164,  par.  2.] 

Giye  the  formulsB  for  the  sulphates,  nitrates,  and  car- 
bonates of  iron,  copper,  and  lead. — [F.  8.,  pars.  439  to 
443.] 

Describe  the  mode  of  liquefying  carbonic  acid,  chlorine, 
and  ammonia.  Mention  some  of  the  gases  which  have 
not  yet  been  condensed. — [8.  8.,  pars.  21  to  24.] 

How  much  heayier  than  hydrogen  are  the  following 
gases  and  rapours  P — ^Oxygen,  nitrogen,  steam,  carbonic 
acid«  ammonia,  chlorine,  and  bromine. — [8.  8.,  page  686.] 

What  is  the  present  meaning  of  the  terms  acid,  base, 
and  salt  P  What  was  the  theory  inrolved  in  the  terms 
oxy-acids  and  hydracids  P— [8.  8.,  pars.  600  to  606 ;  787 
to  794;  643  to  646 ;  706  to  708. J 

8uppose  a  current  of  electno  sparks  be  maintained 
througn  two  cubic  inches  of  ammonia,  what  will  be  the 
Yolume  of  each  of  the  resulting  gases  P  What  volume  of 
oxygen  wotdd  be  required  for  thcr  combustion  of  the 
inflammable  constituent  P — [F.  8.,  pars.  627  and  618.] 

Explain  by  symbols  the  action  of  hydrated  nitric  acid 
upon  copper.  What  is  the  action  of  heat  upon  nitrate  of 
ajnmoniaP  Give  the  symbols  of  the  decomposition. — 
[F.  8.,  pars.  626  and  626,  and  Exercise  73,  page  36.] 


FIE8T  B.  8o.  EXAMINATION  (PA8S). 
1861. 

Exemplify  the  difference  between  a  chemical  compound 
and  a  mechanical  mixture,  stating  in  what  the  difference 
consists.  To  which  class  do  an  aqueous  solution  of  com- 
mon salt  and  a  solution  of  hydrocnlorio  and  of  sulphuric 
acid  belong  P—[F.  8.,  par.  27.] 

8uppose  60  cubic  feet  of  marsh  gas  from  a  seam  of  coal 
3b 
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to  become  mixed  with  600  cubic  feet  of  air  (temp.  GO^F^ 
bar.  30  inches),  what  will  be  the  Yolume  of  each  of  the 
products  at  2000°  F.  (taking  the  coefficient  of  expansion, 
f\^  of  the  bulk  of  the  gas  at  32°  for  each  degree  F.), 
supposing  the  mixture  to  explode  P  and  what  the  Folame 
of  the  mixture  when  it  has  again  cooled  to  the  initial 
temperature? — [8.  S.,  pars.  9  to  16;  Exercise  57,  page 
65  ;  and  pars.  97  and  98.] 

State  what  you  know  on  the  subject  of  ozone. — [F.  S., 
par.  616,  page  266.] 

What  are  the  constituents  of  gunpowder?  To  what 
does  it  owe  its  projectile  powers?  State  what  you  know 
respecting  the  products  ot  its  oombustion.~[S.  S.,  pages 
2  and  3.] 

A  metallic  solution  is  precipitated  by  hydrochknie 
acid :  what  metals  might  the  precipitate  contain  F  and 
how  would  you  find  out  which  of  these  is  present? — [Q.  A., 
pars.  302  to  307.] 

1862. 

Mention  the  elementary  bodies  allied  respectiyely  to 
chlorine,  oxygen,  and  nitrogen,  and  state  in  what  points 
this  analogy  may  be  observed. — [S.  S.,  pars.  1,  2,  and  3, 
pages  166  and  167.] 

How  is  a  metallic  chloride  detected  in  the  presence  of 
a  metallic  iodide  ?— [Q.  A.,  par.  389.] 

When  a  cubic  foot  of  oxygen  combines  with  carbon,  so 
as  to  form  carbonic  acid,  what  is  the  volume  of  the  gas  ? 
If  the  quantity  of  carbon  in  the  gas  be  doubled,  what  is 
the  yolume  of  the  new  gas  P — [S.  S.,  pars.  97  and  98.] 

For  Honours. 
1861. 

Enumerate  the  elements  which  are  allied  to  arsenic; 
adduce  proofs  of  their  resemblance  to  it,  including  the 
chemical  characters  of  their  compounds  with  oxygen  and 
hydrogen. — [S.  S.,  par.  3,  page  167.] 

A  gaseous  mixture  is  belieyed  to  consist  of  hydrogen, 
nitrogen,  and  carbonic  oxide.  How  may  the  presence 
of  these  gases  be  proved,  and  the  quantity  of  each  be 
ascertained?— [S.  S.,  pars.  166  to  170.] 
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^  How  would  you  write  the  formulsB  of  nitrate,  sulphate, 
bisulphate,  and  normal  phosphate  of  potash,  upon  the 
binary  or  salt-radical  theory  of  Raits  P  Sketch  the  argu- 
ments in  favour  of  the  binary  theory.— [S.  S.,  pars.  219 
to  229.] 

What  do  you  understand  by  a  chemical  equivalent  P 
Illustrate  your  meaning  by  examples. — [8.  S.,  pars.  271  to 
276^ 

How  are  small  quantities  of  fluorine  best  detached  in 
insoluble  minerals  P — [Q.  A.,  pars.  435  to  440.] 

Explain  the  composition  of  the  best  known  classes  of 
silicates,  and  give  reasons  for  the  formula  you  use  for 
silica. — [S.  S.,  par.  171 ;  par.  4,  page  168 ;  and  pars.  883 
to  893.] 

Describe  the  allotropic  modifications  of  sulphur,  and 
state  how  each  of  them  is  prepared. — [S.  S.,  par.  192.] 

1862. 

What  is  meant  by  the  term  "  isomorphism"?  Exem- 
plify it  in  two  or  three  distinct  eases.  What  is  the  process 
of  purifj^ing  alum  from  iron  P  Explain  the  theory  of  this 
process.— [53.  S.,  pars  243  to  262.J 

Define  the  term,  "  chemical  equivalent/'  and  illustrate 
it  by  examples.  What  evidence  is  there  that  nitrogen 
has,  in  some  compounds,  a  different  equivalent  value  from 
that  which  it  has  in  others  P— [S.  S.,  pars.  271  and  272,  and 
438  to  446.] 

What  are  the  tests  for  nitric  acid  P  Explain  the  reac- 
tions by  symbols.— [Q.  A.,  pars.  473  to  476,] 

How  do  you  prepare  hydrochloric  and  hydriodic  acids, 
both  in  the  gaseous  form  and  in  solution  P    Describe  the 

f  reparation  of  a  solution  of  chloric  and  one  of  iodic  acid. 
Jlustrate  the  difference  of  the  affinities  of  chlorine  and 
iodine  for  oxygen  and  hydrogen,  as  shown  in  the  forma- 
tion and  properties  of  their  several  compounds. — [F.  S., 
pars.  528  to  634,  and  538  to  641.1 

Give  the  empirical  and  rational  formula  for  the  follow- 
ing substances: — Sulphuric,  nitric,  oxalic,  phosphoric, 
boracic,  carbonic,  and  sulphurous  acids,  and  each  of  the 
potash  salts  which  they  form.— [F.  S.,  par.  426 ;  and  S.  8., 
pars.  600  to  612.  787  to  795,  812,  and  871  to  878.] 
Give  the  formul»  and  ohief  properties  of  the  oompoundi 
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which  phoRpboroB  fonnB  with  oxygen  and  hydrogen-  ■ 
[F.  8.,  para.  560  to  663.] 

Describe  three  of  the  Bimplest  compounds  of  cmrbon 
and  hydrogen,  and  the  mode  of  preparing  them.  What 
are  their  respectiye  densities  compared  with  hydrogen? 
What  is  the  action  of  chlorine  npon  eachP — [S.  S.,  para. 
621  to  526.1 

How  is  chloride  of  silicon  obtained  ?  Gito  the  density 
of  its  yaponr  compared  with  hydrogen.  What  aasistanoe 
does  this  datum  afford  in  fixing  the  atomic  weight  of 
silicon?— [S.  8.,  par.  171,  and  pages  168  and  587.] 


SECOND  B.  Sc.  EXAMINATION  (PASS). 
1861. 

Describe  the  method  of  preparing  cyanogen,  and  men- 
tion its  principal  properties. — [F.  8.,  par.  562.] 

How  much  oxygen  is  required  for  the  combustion  of 
one  cubic  inch  of  cyanogen  P  What  would  be  the  Tolnme 
of  the  resultant  gases  at  the  initial  temperature  and  pies- 
sure  P— [8.  8.,  pars.  97  and  98.] 

Explain  what  is  meant  by  the  law  of  substitution.  State 
the  action  of  chlorine  upon  acetic  acid  and  upon  cdefiant 
gas.— [F.  8.,  par.  997,  and  S.  8.,  pars.  517  and  632.] 

Give  an  account  of  the  mode  of  preparing  cyanoric  acid. 
What  bodies  are  isomeric  with  it  P  Which  of  them  can 
be  formed  fipom  it,  and  how  P— [P.  8.,  pars.  391  to  396.] 

Distinguish  between  simple  and  compound  ethers.  State 
how  a  double  or  mixed  ether  may  be  obtained.  State  the 
action  of  oxalic  acid  npon  alcohol. — [8.  8.,  pars.  556,  and 
384  to  387.] 

Describe  the  principal  modes  of  forming  ammonias  eon- 
taining  ethyL  ulassify  the  different  varieties  of  •wimrtnif 
so  obtained.— [8.  8.,  pars.  973  to  979.] 

What  are  the  characteristics  of  an  alcohol?  Mention 
some  of  the  most  important  members  of  the  alcohol  series, 
and  give  their  formulae.  In  what  resnect  does  the  first 
term  of  the  series  differ  fh>m  the  others  r — [8. 8.,  pan.  663 
to  560.] 

Describe  the  mode  of  determining  the  vapour  density  of 
ether  by  Dumas's  method.— [S.  8.,  126  to  131.] 
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1862. 

A  volatile  organic  Hqnid,  oompofled  of  carbon,  hydrogen, 
and  oxygen,  was  burnt  with  oxide  of  copper ;  0*430  grm. 
gave  1*249  grm.  of  carbonic  acid  and  0*219  grm.  of  water : 
oalcolate  tne  empirical  formula  of  the  compound,  and 
give  any  suggestions  which  occur  to  you  for  the  discovery 
of  its  rationu.  formula. — [F.  S.,  chap.  XX.] 

Describe  the  action  of  chlorine  on  olefiant  gas,  and 
contrast  it  with  the  action  of  chlorine  on  chloride  of  ethyl. 
— .[S.  8.,  pars.  526  and  906.] 

Describe  the  formation  and  properties  of  some  hydro- 
carbons homologous  with  olefiant  gas.  How  is  the  mole- 
cular weight  of  each  of  them  ascertained? — [S.  S.,  pars. 
521  to  525,  and  Appendix  A,  page  278.1 

Describe  the  two  commonest  homologues  of  alcohol. 
How  may  each  of  them  be  obtained  in  a  pure  state  P— 
[S.  8.,  pars.  559  to  661.] 

Describe  the  products  of  the  distillation  of  acetate  of 
potash.  What  products  are  formed  when  the  salt  is  dis- 
tilled with  hydrate  of  barytes  P  —  [8.  8.,  pars.  508  and 
693.] 

Describe  the  preparation  of  nure  citric  acid.  How  is  it 
distinguished  from  tartaric  acid? — [Q.  A.,  par.  504.] 

For  Honours, 
1861. 

Fire  grains  of  an  organic  acid  yield,  on  combustion  with 
oxide  ofcopper,  3*001  grains  of  water  and  7'33  of  carbonic 
acid :  calculate  its  empirical  composition,  and  state  how 
you  would  attempt  to  determine  its  molecular  weight. — 
[F.  8..  chap.  XXTl 

What  compound  radicals  are  supposed  to  exist  in  yinic 
alcohol,  acetic  acid,  and  succinic  acid  P  How  may  the 
chlorides  of  these  radicals  be  obtained?  What  is  the 
action  of  these  chlorides  upon  dry  benzoate  of  potash  P— 
[8.  8.,  pars.  386,  391  to  395,  and  812.1 

Give  an  example  of  the  formation  of  a  diatomic  alcohol, 
and  state  what  is  its  vapour  volume  as  compared  with 
that  of  hydrogen.— [8.  8.,  par.  734.] 

What  are  me  products  of  the  graidual  action  of  oxjrgen 
upon  common  alcohol  P  How  are  these  products  obtained 
in  a  state  of  purity  ?— [8.  8.,  par.  563.] 
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How  maj  acetone,  marsh  gas,  methyl,  and  ejaaide  of 
methyl  be  respectively  obtained  from  acetic  acid  t — [S.  S., 
pars.  608.  637,  466,  and  912.] 

What  is  meant  by  an  aahydrideP  How  may  nitric, 
sulphuric,  acetic,  and  succinic  anhydrides  be  sererally 
obUinedP— [S.  8.,  pars.  391  to  395,  and  793.] 

How  are  two  distinct  alcohol  radicals  made  to  enter 
simultaneously  into  the  composition  of  an  ether?  What 
light  does  the  formation  of  such  bodies  throw  imon  the 
molecular  constitution  of  common  ether  P — [S.  8.,  pan. 
384  to  387.] 

What  is  the  chemical  constitution  of  glycerine,  and  to 
what  class  of  bodies  does  it  beloog  P  How  is  it  obtained 
in  a  stote  of  purity  P— [S.  S.,  par.  834.] 

1862. 

Classify  the  best  known  chemical  elements  under  the 
heads  of  monatomic,  diatomic,  and  triatomic  elements. 
Give  formulso  of  some  of  their  characteristic  compounds 
which  support  this  classification. — [8.  8.,  par.  270,  and 
Appendix  B,  page  279.] 

jDefine  what  ia  meant  by  the  molecular  weight  of  a  com- 
pound, and  distinguish  it  from  its  equivalent  or  combining 
proportion,  illustrating  your  view  by  means  of  sulphuric, 
citric,  phosphoric,  and  nitric  acids. — [8.  8.,  chap,  ill.] 

Describe  the  mode  of  preparing  aceto-benzoic  anhy- 
dride. What  is  the  action  of  chloride  of  benzoyl  on 
succinate  of  potash  P— [8.  S„  par.  394.] 

How  is  lactic  acid  usually  procured  P  How  is  it 
obtained  from  aldehyde  P  In  what  relation  does  it  stand 
to  propionic  acid  P— [8.  8.,  pars.  805.  490,  and  810.1 

What  is  the  action  of  heat  upon  the  neutral  and  upon 
the  acid  oxalate  of  ammonia  P  vVhat  is  implied  by  the 
term  "  imide  P  "  Give  an  example  of  its  formation. — [S.  8., 
pars.  1003  and  997-4.] 

Doctor  (^Science, 

1862. 

Show  the  mode  of  applying  the  law  of  yolumes  to  the 
determination  of  atomic  weights.  Illustrate  its  value  as  a 
means  of  classifying  both  elementary  and  compound  sub- 
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stances.  Mention  some  of  tlie  most  important  cases  of 
anomalous  vapour  density.  What  explanation  of  these 
anomalies  may  be  suggested  P — [S.  S.,  pars.  113  to  123, 
and  334  to  338.] 

0*31  gram,  of  an  organic  acid  yields,  on  combustion,  0*62 
gram,  carbonic  acid  and  0*2536  gram,  water :  give  the 
enu>irical  formula  of  the  acid. — [F.  S.,  chap.  XX.] 

^  Sketch  the  chemical  history  of  malic,  tartaric,  and  suc- 
cinic acids,  and  their  relations  one  to  another. — [8.  S., 
pars.  817  to  821.] 

Contrast  the  oxidized  derivatives  of  vinic  alcohol  and 
glycol,  giving  their  composition,  properties,  and  mode  of 
preparation. — [S.  8.,  pars.  755  to  757,  and  761.1 

Give  a  history  of  the  progress  of  discovery  of  we  various 
methods  by  which  the  artificial  organic  bases  and  amides 
are  produced. — [8.  8.,  pars.  408  to  418,  and  chap.  X.] 

Describe  the  principal  organo-metallio  bodies  which 
contain  arsenic,  and  give  a  theory  of  their  constitution. — 
[S.  8.,  pars.  1151  to  1156.] 

Give  the  formulsB  for  silicic  and  boracic  acids,  and  your 
reasons  for  selecting  the  particular  formulsB  which  jou 
adopt.  Classify  the  principal  silicates  and  borates,  giving 
examples. — [8. 8.,  par.  171,  and  par.  4,  page  168,  and  pars. 
883  to  893.1 

How  is  heat  of  combustion  estimated?  Mention  some 
of  the  principal  obstacles  to  an  accurate  comparison  of  the 
results  furnished  by  the  different  elements. — [8.  8.,  pars. 
1335  to  1397.] 

What  is  the  density  of  a  vapour,  taken  by  the  method 
of  Dumas,  under  the  following  conditions : — 

Weight  of  globe  full  of  vapour     -        -  10*689  gram. 
Weight  of  globe  full  of  dry  air  at  15^  C.  10534     „ 
Temperature  at  sealing         ...  130°  C. 
Barometer  at  sealing    -        -        -        -  30  inches 
Capacity  of  globe         -        -        -        -  151  cub.  cent. 
Air  retained  (at  15°  C.)         ...  05  c.  c. 

the  expansion  of  the  glass  by  heat  being  neglected? — 
[8.  8.,  pars.  129  to  1310 
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TRINITY  COLLEGE,  DUBLIN. 

Experimental  and  Natural  Science  ModLerattTeki^, 

1861. 

Organic  Chemistry. 

Describe  two  known  prooeeses  for  preparing  potasshun 
alcohol,  and  the  manner  in  which  it  should  be  treated 
with  a  view  to  the  formation  of  Ci  H,  O,  C|»  Hu  O. — [S.  S-, 
pars.  665,  and  384  to  390.1 

Explain  the  methods  of  making  the  methyl  and  ethjl 
hydrocyanic  ethers,  and  the  products  into  which  these 
compounds  are  oonverted  when  they  are  heated  in  contact 
with  a  concentrated  alcoholic  solution  of  potaah. — [8.  S., 
pars.  912,  913.] 

By  the  action  of  ammonia  in  different  ways  on  oxalic 
ether  two  distinct  compounds  may  be  obtained:  name 
these  compounds,  and  explain  the  manner  in  which  each 
is  produced.— [8.  S..  par.  827.] 

What  is  the  simplest  process  for  preparing  the  oxalori- 
nate  of  potash  P—[S.  S.,  par.  828,  and  Exercise  156.] 

How  18  chloral  made  P  What  is  its  formula,  and  what 
the  res  alts  of  the  action  upon  it  of  an  alcoholic  solution  of 
potash  P— [8.  8.,  par.  784,] 

Explain  Gerhardt's  method  for  preparing  the  acetic  and 
benzoic  anhydrides. — [8.  8.,  pars.  391  to  &5.] 

From  the  terbromide  of  ally  I  glycerine  may  be  artificially 
made :  what  are  the  successive  steps  of  the  process,  and 
what  the  formula  of  the  product  f-^S.  8.,  pars.  954  and 
8380 

Write  the  formula  of  ally  lie  alcohol,  and  state  how  it  is 
made.  Mention  also  the  composition  of  acroleine,  and  its 
position  in  the  allylic  series. — [8.  8.,  pars.  579,  580,  493.] 

What  are  the  condusions  at  which  Kolbe  arrives  in 
relation  to  the  proximate  constituents  of  valerianic  acid, 
and  which  he  deduces  from  the  results  of  its  electrolysis  ? 
—[8.  8.,  par.  625.] 

Where  is  hippuric  acid  found,  and  how  is  it  insulated? 
Write  its  formula,  and  state  also  the  proximate  consti- 
tuents of  which  it  is  composed. — [8. 8.,  pars.  806  and  809. J 

Write  the  formula  of  aniline,  and  explain  the  mode  of 
preparing  it  from  phenyl  alcohol,  from  nitrobenzol,  and 
from  indigo.— [S.  8.,  pars.  593,  475,  973,  and  989.J 
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Explain  the  mode  of  procuring  the  hydrated  oxide  of 
methyl-ethyl-amyl-phenyl  ammoniam' — [S.  S.,  pars.  977 
to  m),  and  617  to  662.] 

An  unknown  organic  acid,  not  including  any  nitrogen, 
was  combined  with  oxide  of  silyer,  and  upon  the  salt  thus 
formed  the  following  experiments  were  made : — 

I.  60  grains  when  ignited  left  36*29  metallic  silver. 

II.  30*6  of  it  when  burned  gave  3*8  carbonic  acid  and 
0-2  water. 

From  these  data  deduce  the  composition  of  the  acid,  on 
the  hypothesis  of  its  being  monobasic. — [F.  S.,  chap.  XX.] 

7*33  grains  of  a  liquid,  burned  with  oxide  of  copper, 
gave  14*66  of  carbonic  acid  and  6  of  water ;  the  density  of 
its  yapour  also  was  3*04.  From  these  data,  and  from  the 
assumption  that  the  condensation  of  the  yapour  is  to  4 
volumes,  calculate  the  formula  which  represents  the  liquid. 
— HP.  S.,  Chan.  XX, ;  and  S.  8.,  pars.  131  to  136.] 

Write  the  formula  which  should  be  employed  in  deter- 
mining, by  Damas's  method,  the  specino  gravity  of  a 
vapour.— [S.  8.,  pxr.  130.] 

Give  the  formula  of  ethylamine  urea,  and  explain  the 
two  processes  by  one  or  the  other  of  which  it  may  be 
made.— [S.  S.,  pars.  1069  to  1063.] 

Mineral  Chemistry* 

Write,  according  to  the  unitary  system,  the  formula  of 
common  phosphate  of  soda. — [S.  S.,  par.  872.] 

One  hundred  volumes  of  a  mixture  of  marsh  gas,  hydro- 
gen, carbonic  oxide,  and  nitrogen,  mixed  with  160  volumes  . 
of  oxygen,  were  subjected,  in  a  eudiometer,  to  the 
action  of  the  electric  spark,  and  the  diminution  of  volume 
found  to  be  161*6  volumes.  The  residual  gas,  by  exposure 
to  potash,  underwent  a  further  diminution,  amounting  to 
37  volumes.  Lastly,  the  gas  which  remained  was  expl(3ed 
by  the  spark,  after  mixture  with  at  least  twice  its  volume 
of  hydrogen,  and  the  reduction  of  volume  which  ensued 
was  22*6  volumes.  From  these  data  deduce  the  composi- 
tion of  the  mixture.— [S.  S.,  pars.  166  to  169.] 

1862. 

If  a  represents  in  grains  weight  the  per-centage  of 
carbon  in  an  organic  compound,  and  v  and  o  be  the  rehitive 
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Yolumes  of  carbo&io  «cid  and  nitrogen,  obtained  by  bmniDg 
it  with  oxide  of  copper,  what  will  be  the  per-centaj^e  weight 
of  the  nitrogen  P—[S.  S.,  pars.  82  and  83,  and  Exenaaet 
39  and  40.] 

Write  the  composition  of  alanine;  describe  the  mode  of 
makiD^  it;  mention  the  compounds  with  which  it  is 
isomeric,  and  how  it  may  be  concerted  into  lactic  acid. — 
[S.  8.,  par.  490.] 

What  are  the  two  reasons  usually  assigned  for  doubling 
the  ordinary  formula  for  oxide  of  ethyl,  and  the  aubetanoes 
which  occur  in  the  same  homologous  series  with  itP — 
[S.  S.,  pars.  384  to  391.] 

Explain  the  action  of  a  solution  of  caustic  potash  on 
cyanide  of  ethyl  and  cyanate  of  oxide  of  ethyl. — [S.  S^ 
pars.  913  and  410.1 

Give  the  formula  of  propionic  acid,  and  the  differeiit 
processes  by  which  it  may  be  artificially  made. — [S.  8., 
pars.  620,  629,  631,  and  810.] 

Write  the  formula  of  ethyJene  alcohol,  and  explain  how 
it  majr  be  obtained.— [S.  S.,  pars.  734  to  738.1 

Write  the  empirical  formula  of  glycerine,  and  its  formula 
aJflo  on  the  supposition  of  its  being  a  triatomic  alcohol, 
and  explain  how  it  may  be  formed  artificially. — fS.  8., 
pars.  834  to  840.] 

What  are  the  experiments,  and  what  the  calculatioDS, 
which  enable  the  chemist  to  assign  the  quantities  of 
hydrogen,  marsh  gas,  and  carbonic  oxide  in  a  mixture  of 
such  gases?— [8.  §.,  pars.  156  to  169.] 

Sheerer  analysed  a  mineral  with  the  following  results:— 

SUex 43-70 

Alumina  ......  3231 

Peroxide  of  iron       -        -        -        -  1*07 

lime 084 

Soda 15-83 

Potash 5*60 

Give  its  empirical  formula. — [F.  8.,  chap.  XX.,  and  8. 8., 
pars.  255  to  259.] 
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QUEEN'S  COLLEGE,  BELFAST. 
1861. 

Faculty  of  Medicine, 

Explain  bj,  symbols  the  reactions  which  take  place 
when  oxygen  ^as  is  prepared  by  the  action  of  heat  on 
Mn  O,  and  K  O,  CIO,.— [F.  S.,  par.  616.] 

Describe  the  p|rincipal  reactions  of  ozone,  and  the  con- 
ditions nnder  whicli  it  is  formed. — [F.  S.,  par.  616.1 

Gri^e  a  particular  description  of  the  method  of  aDalysing 
atmospheric  air  by  means  of  hydrogen  gas. — [S.  S.,  pars. 
156  to  170.] 

What  bodies  have  been  found  in  atmospheric  air  besides 
oxygen,  nitrogen,  and  carbonic  acidP— [F.  S.,  par.  620.] 

&iye  some  account  of  hydrocyanic  acid,  its  preparation^ 
properties,  and  tests.— [K  S.,  par.  663,1 

What  is  the  composition  of  gunpowder,  and  the  prin- 
cipal products  which  are  fcvmed  when  it  explodes  P — S.  S., 
page  2,  Exercise  9.] 

If  C  =  12,  H  =  l,  N  =  14,  0  =  16,  Cl  =  36-6.  i:  =  39, 
what  are  the  formula  of  the  following  bodies  ? — Water, 
hydrochloric  acid,  alcohol,  ether,  nitrate  of  potash.— 
[S.  8.,  pars.  113  to  122,  and  pages  248  to  251.] 

What  are  the  four  types  to  which  Grerhardt  refers 
organic  compounds?  Illustrate  them  by  writing  the 
formula,  according  to  this  yiew,  of  methyl,  ethyl,  marsh 
gas,  wood  spirit,  alcohol,  hydrochloric  ether,  and  ethyl- 
amine.— [S.  S.,  pars.  426  and  427,  and  pages  248  to  251.] 

If  a  giyen  quantity  of  gas  in  the  moist  state,  at  the 
temperature  of  10*^  C,  and  under  a  pressure  of  28  inches, 
measure  150  cubic  inches,  what  yolume  would  it  occupy 
in  the  dry  state  at  (f  C,  and  under  a  pressure  of  30 
inches  (tension  of  watery  yapour  at  10°  C.,  0*36  inches ; 
coeflScient  of  expansion  for  1*0.,  0-00366)  ?—[S.  S.,  pars. 
5  to  83.] 

How  is  the  latent  heat  of  water  determined? — [S.  S., 
par.  43.;] 

Describe  the  method  usually  employed  by  chemists  to 
take  the  densities  of  yapours,  and  state  how  it  has  been 
recently  applied  to  the  determination  of  yapour  densities 
at  yery  high  temperatures.— [S.  S.,  pars.  123  to  128.] 


748  APPEHDIX. 

What  are  the  effects  produced  by  an  electrical  cunent 
when  traversmg  an  electrolyte  P—[F.  S.,  par.  345.] 

ENGINEEKING  SCHOLAKSHIPS. 
Second  Year's  StudenU, 

If  a  eiVen  quantity  of  air  measure  140  vol.  at  KTC, 
and  under  a  pressure  of  29*7  inches,  what  yolume  will  it 
occupy  at  (fC,  and  under  a  pressure  of  30  inches  P— 
[S.  S.,  page  3,  pars.  5  to  43.] 

How  is  the  tension  of  a  vapour  determined  P — [S.  8., 
pars.  66  to  73.] 

Give  some  account  of  the  methods  of  preparing*  and  cl 
the  properties  of  ozone. — [F.  S.,  par.  616.] 

Describe  the  different  methods  which  are  known  of 
reducing  the  condensable  gases  to  the  liquid  state.— 
[S.  S.,  pars.  21  to  24.] 

Change,  where  necessary,  the  commonly  received 
atomic  weights  of  the  followmg  bodies,  so  that  in  eveiy 
instance  one  volume  of  each  b^y  may  correspond  to  one 
atom,  viz. : — Hydrogen,  oxygen,  nitrogen,  sulphur,  chlo- 
rine.—[S.  S.,  pars.  113  to  116.1 

Give  a  full  account  of  the  theory  of  volumes. — [8.  S^ 
pars.  84  to  122.] 

Describe  the  different  modes  of  preparation,  and  tiie 
properties  of  sulphurous  acid. — [F.  8.,  par.  646.] 

Describe  fully  the  tests  of  hydrocyanic  acid  ;  state  also 
its  composition,  and  the  mode  of  preparing  it. — [Q.  A^ 
par.  381,  and  F.  S.,  par.  663.] 

Enumerate  the  more  important  metals,  and  arrange 
them  in  classes,  according  to  their  chemical  properties.— 
[F.8.,chap.XXIII.] 

What  are  the  compounds  which  arsenic  forms  willi 
oxygen  and  sulphur  P  State  their  composition  and  de» 
scribe  their  properties. — [Q.  A.,  pars.  263,  264,  and  285J 

Mention  tne  more  important  alkaloids,  natural  as  well 
as  artificial,  which  do  not  contain  oxygen.  Describe 
their  general  properties,  and  the  sources  m>m  which  they 
are  derived.— [S.  S.,  pars.  972  to  983.] 
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MEDICAL  SCHOLAESHIPS. 
Practiced  Chemistry. 

Describe  the  metliocLB  of  determining  the  density  of  a 
solid  body,  and  state  the  precautions  required  in  order 
to  obtain  accarate  results.— [F.  S.,  pars.  113  to  116.] 

What  are  the  distinctive  properties  of  the  salts  of 
potassa  and  sodaP— [Q.  A.,  pars.  112  and  114.] 

What  are  the  blowpipe  reactions  of  the  salts  of  cobalt, 
magnesia,  and  copper  ?— [Q.  A.,  pars.  108,  162,  and  332.] 


THIED  YEAH  ARTS  AND  FIEST  YEAE  MEDI- 
CINE  AND  ENGINEEEING  STUDENTS. 

1862. 

What  are  the  different  states  of  matter?  Describe 
them,  and  the  conditions  under  which  bodies  pass  from 
one  state  to  another. — [F.  S.,  pars.  3,  4,  and  6.] 

In  graduating  a  mercurial  thermometer,  what  are  the 
chief  points  requiring  attention  in  order  to  secure  an 
accarate  instrument? — [S.  S.,  pars.  1235  to  1254.] 

Describe  the  method  of  correcting  a  dry  gas  for  tempe- 
rature and  pressure. — [S.  S.,  pars.  12  to  15,  and  42.] 

What  are  the  circumstances  which  influence  the  boiling 
point  of  a  liquid  ?— [S.  S.,  pars.  49  to  62.] 

Mention  the  principal  ^asea  which  have  been  liquefied, 
and  describe  the  methods  oy  which  their  liquefaction  has 
been  effected.— [S.  S.,  pars.  21  to  24.] 

Describe  the  method  of  determining  the  latent  heat  of 
steam,  and  state  how  it  is  affected  by  the  temperature  at 
which  the  vapour  is  formed. — [S.  S.,  par.  68.] 

How  is  nitrogen  gas  prepared?  and  under  what  con- 
ditions will  it  combine  with  the  following  elements,  viz.  — 
Hydrogen,  oxygen,  and  carbon  ? — [F.  o.,  pars.  519  and 
209  to  211.] 

What  is  the  supposed  composition  of  anmioniumP 
State  aUo  the  reaaons  for  assuming  the  possible  existence 
of  such  a  compound. — [S.  S.,  pars.  398  to  401,  and  417.1 

Give  the  composition,  by  weight  and  b^  volume,  of  the 
following  compounds : — ^Water,  ammonia,  deutoxide  of 
nitrogen,  hydrochloric  acid,  carbonic  oxide,  marsh  gas. 
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defiant  gas  (H=l;  0  =  8;  N  =  14;a  =  35-5;C==  6). 
— FF.  S.,  para.  618,  527,  525,  and  533.] 

Mention  some  of  the  natural  gronps  under  which  certain 
elements  may  be  classed,  and  the  leading  properties  of 
each  group.—[8.  S.,  pars.  269  to  271.] 

What  are  the  sources  and  properties  of  iodine,  and  hov 
is  it  prepared  F— [F.  S.,  par.  538.] 

Describe  the  solar  spectrum,  and  contract  it  with  the 
spectra  of  the  foUovring  metals: — Sodium,  lithium,  stron- 
tium.— [S.  S.,  pars.  1539  and  1540.] 

What  are  toe  distinguishing  tests  of  baryta,  lime,  and 
magnesia,  respectively  F— [Q.  A.,  par.  137,  page  55,  par. 
F  4,  and  par.  160.] 

Mention  the  more  important  acids  of  the  form  Caai,  Hg^ 
O4,  and  state  how  they  can  be  derived  from  their  respectiTe 
alcohols.— [S.  S.,  page  306,  par.  620.] 


ENGINEEEING  SCHOLAESHIPS. 
Second  Year  Studente. 

The  atomic  weights  of  copper,  lead,  and  mercury  being 
32,  104,  and  100,  respectively,  and  the  specific  heat  m 
copper  0-095,  calculate,  according  to  the  law  of  Dulong 
and  Petit,  the  specific  heats  of  lei^  and  mercury. — [S.  S., 
pars.  1286  to  1301.] 

Contrast  the  appearances  presented  by  the  solar  spec- 
trum "vvith  the  spectra  produced  by  the  metals  sodium  and 
Uthium,  or  their  salts. — [S.  S.,  pars.  1539  and  1540.] 

State  the  composition  and  describe  the  methods  of 
analysing  atmospheric  air. — [F.  S.,  par.  520.] 

Give  an  accoimt  of  the  preparation  and  chief  properties 
of  phosphoric  acid.— [F.  S.,  par.  561.] 

tfame  C,NH,  and  describe  its  properties  and  tests.— 
[Q.  A.,  pars.  449  to  456.] 

What  are  the  sources  of  light  carburetted  hydrogen; 
how  is  it  prepared  artificially  P  State  also  how  many 
volumes  of  oxygen  are  required  for  its  complete  com- 
bustion, and  how  many  volumes  of  carbonic  acid  and  of 
aqueous  vapour  are  formed. — [F.  S.,  par.  559,  and  S.  S., 
clup.  II.] 

Describe  the  preparation  and  properties  of  carbonie 
oxide.— [F.  S.,  par.  556.] 
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What  are  the  characteristio  tests  of  potash  and  sodaP 
— [Q.  A.,  paw.  112  and  114.] 

State  the  composition  of  common  alum.  Griye  also  the 
formal®  for  the  other  alums  of  analogous  composition.— • 
[Note,  page  146,  S.  S.] 

Describe  the  method  of  separating  silica  from  a  silicons 
mineral  which  is  not  attacked  by  acids. — [Q.  A.,  par.  444.1 

Give  an  account  of  the  method  of  taking  the  aensity  or 
a  vapour,  and  show  how  the  density  will  serve  to  control 
the  results  of  analysis.— [S.  S.,  pars.  123  to  135.] 

What  is  the  composition  of  tartaric  acid ;  its  relations 
to  racemic  acid;  and  how  is  it  prepared  artificially? 
—[8.  S.,  par.  820.] 

Mention  the  principal  acids  of  the  form  Osn  Hta  O4,  and 
state  their  relations  to  the  alcohols. — [S.  ^.,  pars.  620 
and  663.] 

What  relation  has  been  observed  in  certain  organic 
bodies  between  their  boiling  points  and  atomic  constitu- 
tion P— [8.  8.,  pars.  1261—1278.] 


FACULTY  OF  MEDICINE. 
Practical  Chemistry, 
What  are  the  blowpipe  tests  of  the  following  bases  P — 
Potash,  soda,  alumina,  oxide  of  manganese,  and  oxide  of 
cobalt.— [Q.  A.,  pars.  112,  114, 196, 171,  and  ISO.] 


QUEEN'S  COLLEGE,  COEK. 
Pass  Questions, 
1861. 
What  is  the  law  of  multiple  proportions  P     GKve  an 
example. — [F.  8.,  par.  142.] 

What  are  oxacids  and  hydracids  P  Bepresent  by  sym- 
bols, sulphurous,  nitric,  perchloric,  hyposulphuric,  and 
phosphoric  acids  as  hydracids. — [F.  8.,  par.  426,  and  8.  8., 
par.  219.] 

Give  the  preparation  and  the  properties  of  chlorine.— 
[F.  8.,  i>ar.  628.] 

How  is  phosphorus  prepared  in  its  ordinary  and  in  its 
allotropio  forms  P  8tate  the  properties  of  these  two  forms. 
— [F.  8.,  par.  649,  and  8.  8.,  pars.  191  and  192.] 
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What  are  tlie  testg  for  N  O,,  8  0„  P  0„  and  H  Cy  ?— 
[Q.  A.,  paw.  392.  383.  386,  and  381.] 

What  are  the  testa  for  salts  of  mangaDese,  iron,  eop] 
bismuth,  and  antimony  P—[Q.  A.,  pars.  171,  202,  204,  ^ 
324,  266.] 

1862. 

Write  the  symbols  of  snlp^hide  and  chloride  of  i 
sulphite,  hyposulphite,  nitrite  of  potash,  and  sulphate  and 
chlorate  of  notash.— [F.  S.,  pars.  439  to  443.] 

Give  the  formulae  of  the  oxygen  compounds  of  cblorine ; 
and  state  how  hypochlorous  add  is  formed. — [F.  S.,  pan. 
629  and  630.] 

Give  the  preparation  and  the  properties  of  protoxide 
and  binoxide  of  nitrogen.-— [F.  S.,  pars.  626  and  626.] 

What  are  the  tests  for  H  I,  H  Cy,  N  O.,  and  SO,P— 
[Q.  A.,  pars.  391,  381,  392,  and  383.] 

How  18  ammonia  prepared  P  Give  its  compoaitiiHi  and 
proMrties.— [F.  S.,  par.  627.] 

What  is  meant  by  single  and  double  elective  affini^? 
Illustrate  by  examples.— tF.S., pars.  168, 169, 182,and  183.] 

YHiat  is  the  composition  of  the  atmosphere  P  By  what 
means  is  its  uniformity  in  composition  maintained  P  — 
[F.S.,  pars.  620  and  177.] 

What  are  the  tests  for  the  salts  of  baryta,  alumisa, 
iron,  copper,  and  mercury  P — [Q.  A.,  page  66,  par.  D  1, 
pars.  196,  201.  206,  330,  and  321.] 

Give  the  laws  of  combination. — [F.  S.,  pars.  126  to  143.] 

Prize  Questioits, 
1861. 
How   many  mins   of  Ba,  CI  +  2  H  O  are  re<]^uired 
to  precipitate  all  the  sulphuric  acid  in  twenty  grama  of 
NaOSO.  +  lOHOP 

Ba  =  68  6  I  C/=36-5 

Na=230  I 

— [F.  S.,  chaps.  XIX.  and  XX.] 

Give  in  symbols  the  ethers,  alcohols,  aldehydes,  and 
acids  of  the  methylio  and  ethylic  series. — [S.  S.,  pan. 
659.  663,  673,  483,  and  616.] 

State  the  mode  of  preparing  and  the  properties  of  the 
anhydrous  and  hydrated  hydrocyanic  acids.  —  [F.  S., 
par.  563.] 
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1862. 

Explain  tlie  law  of  combination  by  volumes. — [S.  S.^ 
pars.  84  to  97.] 

What  is  meant  b j  allotropj  P  How  are  tbe  allotropio 
forms  of  oxygen  and  phospborus  produced  P  Gire  the  pro- 
perties of  these  two  elements  in  their  allotropic  and  in 
their  ordinary  condition. — [S.  S.,  pars.  191  to  193 ;  F.  8., 
par.  616.1 

Give  the  preparation  and  the  properties  of  I  and  of  H  L 
^[F.  S.,  pars.  638  and  640.] 

Give  the  preparation,  the  properties,  and  the  composi- 
tion, by  weight  and  by  volume,  of  nitric  and  hydrochlorio 
acid.— [F.  S.,  pars.  622  and  633.] 

Give  the  formula  of  the  oxygen  compounds  of  phos- 
phorus ;  and  state  the  mode  of  preparation,  the  properties, 
and  the  tests  of  phosphoric  acid. — [F.  S.,  pars.  660  and 
661 ;  and  Q.  A.,  par.  386.] 

Explain  the  bmary  theory  of  salts. — [S.  S.,  pars.  219 
to  229.] 

How  has  Graham  shown  that  many  basic  salts  can  be 
regarded  as  really  neutral  salts  P — [S.  S.,  par.  1616.1 

Six  grains  of  an  organic  substance,  containing  C,  H,  O, 
give,  on  combustion  with  oxide  of  copper,  8*8  grains  of 
C Of,  and  42  of  H O ;  calculate  its  per-centage  composi- 
tion.—[F.  S.,  chap.  XIX.] 

Sbkiob  Scholabship  ih  Abt8  of  Foitbth  Ybab. 

1861. 
In  what  proportions,  by  volume,  do  N  and  O  unite  to 
form  protoxide  and  binoxide  of  nitrogen  and  hyponitric 
acidP    Calculate  the  specific  gravity  of  the  three  com- 
pounds. 

Sp.  gr.  of  N=  0-9713 
0  =  11066 

— [F.  S.,  pars.  623,  626,  626,  and  S.  8.,  par.  136.] 
How  is  the  combining  volume  of  a  gas  calculated  P 

What  is  the  ultimate  reason  of  the  law  of  combination  by 

volume  P—[S.  S.,  pars.  84  to  106.] 
Explain  the  bmary  theory  of  salts.— [S.  8.,  pars.  219 

to  229.] 

3o 
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Give  examples  and  state  the  nature  of  ammomamy 
ammonia,  ana  nitrile  compounds  in  organic  chemistry.— 
[S.  S.,  pars.  962  to  973.  and  547  to  551?] 

How  are  the  compound  ethers  generally  prepared?— 
[S.  S.,  par.  714.] 

Explain  in  symhols  the  action  of  concentrated  mineral 
acids  on  hydrated  hydrocyanic  acid. — [F.  S.,  par.  563.] 

The  double  salt  of  morphia  and  platinum  yields,  on 
combustion,  20*14  parts  or  metallic  platinum;  calculate 
the  atomic  weight  of  morphia. 

CI  =  35-6  Pt  =  99- 

— [F.  S.,  pars.  476  to  479.] 

SCHOLABSHIPS  IS  AbTS,   MeDICIKE,  AND  ENdlNBERIHG. 
1861. 

Give  exampleSi  by  formulae,  of  simple  and  double  decom- 
position.-[F.  S.,  chap.  XVIIL] 

Explain  shortly  the  atomic  theory. — [F.  S.,  pars.  138 
to  140.] 

In  what  manner  is  iodine  prepared?  What  are  its 
properties  P— [F.  S.,  par.  538.] 

Give  the  number  of  volumes  which  unite,  and  the  con- 
densation which  takes  place,  when  N  and  H  form  ammonia, 
and  N  and  O  form  protoxide  and  binoxide  of  nitrogen  and 
hyponitric  acid.— [F.  S.,  pars.  527,  526,  and  525.] 

What  is  a  compound  radical  P  Give  examples. — [S.  S., 
par.  194.] 

How  is  urea  artificially  prepared? — [S.  S-,  par.  1060.] 

SCHOLA-BSHIPS    IN    AbTS,    EKOINBBBma,    AITD    AgBI- 
CULTUEE. 

1862. 

What  are  the  laws  of  combination  ? — [F.  S.,  pars.  126 
to  149.] 

How  is  ozone  prepared,  and  what  are  the  points  of 
difference  between  its  properties  and  those  of  ordinaiy 
oxygen?— [S.  S.,  par.  193.J 

How  is  phosphoric  acid  prepared  P—PP.  8.,  par.  651.] 

What  ate  the  tests  for  hyariodic,  nitric,  carbonic,  and 
sulphuric  acids?— [Q,  A.,  pars.  391,  392,  379,  and  383.] 
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Wliat  are  the  two  modifications  of  Bilicic  acid;  and 
how  are  they  converted  into  each  otherP— [Q.  A.,  par. 
44O0 

What  is  a  salt  radical  P  Give  examples  of  simple  and 
compound  salt  radicals. — [S.  S.,  pars.  219  to  221.] 

what  are  the  tests  for  alumina,  zinc,  lead,  potash,  and 
ammonia  P—[Q.  A.,  pars.  195, 174, 313,  314,  106,  and  112.] 

How  many  grains  of  nitrate  of  silver  are  required  to 
decompose  ten  grains  of  chloride  of  sodium  P — 

Ag  =  108  Na  =  23  CI  =  36'6 

— [F.S.,  chap.  XIX.] 

SOHOLABSHIFS  OF  THE   SbCONP  YeAB  IN  MeDICINB. 

What  is  the  law  of  equivalents  P— [F.  S.,  pars  136, 137 ; 
and  S.  S.,  par.  271.] 

Explain  the  law  of  comhination  by  volume. — [S.  S., 
chap.  II.] 

How  is  the  amalgam  prepared  in  which  N  H4  is  supposed 
to  exist  P—[S.  S.,  pars.  399  and  400.] 

What  are  the  tests  for  H  I,  H  Cy,  N  0„  and  P  O.P— 
[Q.  A.,  pars.  391,  381.  392,  and  386.] 

Give  the  preparation  and  the  properties  of  N  O  and 
JS  O,.— [F.  8.,  pars.  626  and  626.] 

What  are  the  reactions  which  take  place  in  preparing 
N  O5  from  equal  weights  of  nitre  and  oil  of  vitriol  P  Why 
is  N  0«  more  easily  obtained  by  those  proportions  than 
when  a  smaller  quantity  of  oil  of  vitriol  is  employed  P — 
[F.  S.,  par.  522.] 

Salts  of  silver,  peroxide  of  mercury,  zinc,  and  lime  are 
in  the  same  solution :  separate  them,  and  give  the  charac- 
teristic reagent  for  each. — [Q.  A.,  table  VII.,  page  134, 
r'B.  1, 2, 4,  and  6 ;  and  pars.  319, 174 ;  and  page  56,  par. 
4.] 

How  many  grains  of  nitrate  of  silver  are  required  to 
precipitate  four  grains  of  H  Cy  P 

Ag  =  108  C  =  6 

— [F.  S.,  chap.  XIX.] 
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Sbniob  Scholabshifs  IK  Abts  of  thb  Foubth  Ybab. 

Explain  the  oonstitution  of  salts  on  tlie  salt  radicd 
theory.— [S.  S.,  pare.  219  to  228.] 

How  is  HI  prepared?  and  why  cannot  a  prooess  be 
adopted  similar  to  that  followed  in  the  formation  of  H  GIF 
— [F.  S.,  par.  540J 

One  ounce  of  H  O,  I^  O,  is  wanted :  how  mnch  nitre 
and  HO,  SO,  are  required,  by  theory,  for  the  reaction,  so 
as  to  leave  bisulphate  of  potash  in  the  retort  P 

K  =  39 
— [F.  S.,  chap.  XIX.] 

Give  the  formula,  mode  of  preparation,  and  properties 
of  the  aldehyde  of  the  ethylic  series. — [S.  S.,  pars.  483  to 
485.] 

Calculate  the  formula  of  hydrated  acetic  acid  from  tiie 
following  data : — 100  grains  of  acetate  of  silver  on  com- 
bustion gave— 

C  =  14-37 
H=   1-80 

0  =  14-37  0=     6 

AgO  =  69-46  Ag  =  108 

10000 
— [F.  S.,  chap.  XX.] 


QUEEN'S  UNIVEESITY  IN  IRELAND. 

1861.» 
B.A. — "Pabs  Examikation. 

State  the  points  in  which  chemical  afi^ij  and  cdliesion 
agree  and  differ  from  each  other,  and  mention  the  cireniii- 
stances  which  may  modify  the  former. — [F.  S.,  pars.  23 
and  24, 123  to  127, 193  and  194.] 


*  At  the  timo  of  going  to  vnu  the  exiinination  p»en  tar  IfiSi  i 
pnbliahed. 
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Explain  the  law  of  multiple  proportions.    Give  exam- 
ples in  symbols.— [F.  S.,  pars.  142  and  143.] 
^   Explam  the  doctrine  of  isomorphism.    Give  examples 
m  symbols  of  isomorphons  gronpa.— [S.  S.,  pars.  243. 246 
to  250,  and  255  to  260.]  r  > 

"What  are  the  different  processes  for  preparing  chlorine, 
and  to  what  uses  in  the  arts  is  it  apphed  P— FF.  S..  pars. 
628  and  530.]  ^^  l         » l' 

Give  the  preparation,  the  properties,  the  composition  by 
weight  and  by  volume,  and  the  combining  volumes,  of 
sulphurous  and  of  hydrochloric  acids.— [F.  S.,  pars.  533  - 
and  545 ;  and  S.  S.,  pars.  1  and  2,  page  166.] 

How  many  cubic  inches  of  oxygen  can  be  obtained  from 
100  grains  of  chlorate  of  potash  P 

K  =  39  CI  =  85-5 

At  60**  Fahr.,  and  30**  bar.,  100  cubic  inches  of  oxygen 
weigh  34-29  grains.— [S.  S.,  pars.  1  to  6.] 

Give  the  preparation,  properties,  and  uses  of  Na  O  S,  O,. 
—W  8.,  par.  547.] 

Give  the  preparation  and  properties  of  cyanogen.— 
[F.  S.,  par.  562.J 

How  is  the  atomic  weight  of  an  organic  acid  ascer- 
tained ?  Calculate  the  atomic  weight  of  acetic  acid  from 
the  following  data :— 10  ^ains  of  acetate  of  silver  leave, 
on  combustion,  6*467  ecrams  of  metallic  silver 

Ag  =  108. 
— [F.  S.,  pars.  476  to  481?] 

With  Honoubs. 

The  laws  of  combination,  and  the  doctrine  of  equiva- 
lents, have  been  explained  by  Dalton's  atomic  theory : 
explain  this  theory,  and  point  out  the  difBculties  to  its 
complete  adoption,  in  its  original  form,  when  applied  to 
file  combination  of  gases.— [F.  8.,  jyan.  138  to  144.] 

What  are  saline  and  crystalline  water  P  Illustrate  these 
in  the  rational  formula  of  sulphate  of  magnesia,  and  ex- 
plain the  part  the  former  plays  when  this  salt  crystallizes 
m>m  the  same  solution  with  sulphate  of  potash. — [8.  8., 
pt«el51.]  "^  *^ 

Explain  the  salt  radical  theory,  and  state  the  arguments 
for  and  against  this  theory.^[S.  8.,  pars.  219  to  229.] 
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Give  the  mode  of  preparation,  the  propertiea,  and  ilie 
composition,  in  weif^ht  and  in  volume,  of  protoxide  and  of 
binoxide  of  nitrogen,  and  of  hyponitric  acid.  Caleulste 
the  specific  gravity  of  the  three  compounds. 

Specific  gravity  of  N  =  0-972 
„      of  O  =  11067 

— [F.  S.,  pars.  623,  626,  and  626.] 

Ascertain  the  rational  formula  of  the  following  oom- 
pound  from  its  per-centage  composition : — 

Na  0  =  25-96 
SO,  =66-66 
HO    =   7-49 


10000 
Equivalent  of  Na  =  23 

•  — [F.  8.,  pars.  476  to  481.] 

Write,  according  to  the  oxy  sen  acid  theory  of  salts,  die 
formulee  of  neutm,  acid,  and  basic  salts  of  sulphoric, 
tartaric,  and  ordinary  phosphoric  acid,  with  protoxide  and 
wiUi  sesquioxide  of  iron.  Give  the  reasons  for  such  for- 
mula.—[P.  S.,  pars,  445  to  461.] 

The  double  salt  of  morphia  and  platinum  yields,  on 
combustion,  20*14  parts  of  metallic  platinum :  calcnlato 
the  atomic  weight  of  morphia. 

01  =  36-6  Pt  =  99 

— fT.  S.,  pars.  446  to  451.] 

What  are  the  present  views  of  the  nature  of  the  com- 
pound ammoniasr  Explain  the  mode  of  preparation  and 
the  properties  of  ethylamine. — [S.  S.,  pars.  962  to  974.] 

Give  the  mode  of  preparation  and  the  properties  of 
G*  H4  Os.  Mention  to  what  homologous  series  it  belongs ; 
and  state,  generally,  what  are  the  characteristics  of  homo- 
logous series. — [S.S.,  par.  483;  and  Appendix  A,  page 
278.] 

M.A.  Deobbb. 

In  the  formation  of  H  S,  H  CI,  N  H„  'N  0«,  how  many 
Tolumes  of  the  different  elements  unite ;  and  what  ia  the 
number  of  volumes  of  the  resulting  compound  in  each 
caseP— [S.  S.,  par.  270.] 
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Grire  the  preparation,  properties,  and  the  composition, 
by  weight  and  By  volume,  of  hypochjorous  acid.  How  la 
its  most  important  compound  with  lime  prepared  on  the 
lar^e  scale  for  the  art8P~[F.  S.,  par.  530.] 

Refine  the  terms  monobasic,  bibasic,  and  tribasic  acids. 
Qive  examples,  in  symbols,  on  the  salt  radical  theory,  of 
the  neutral  salts  of  these  acids  with  potash  and  with  ses- 
quioxide  of  iron.— [S.  S.,  pars.  219  to  229.1 

Explain  the  nature  of  double  salts,  and  the  mode  of 
their  formation  in  the  magnesian  family. — [S.  S.,  page 
151.]  __ 

How  much  PbO,  A,  3  HO,  andNaOSO,,  lOHOaro 
to  be  mixed  together  to  produce  10  lbs.  of  anhydrous 
acetate  of  soda  P 

Pb  =  103  Na==23 

— [F.  S.,  chap.  XIX.] 

M.D.  EZAHINATIOH,  WITH  HoVOVBS. 

What  is  meant  by  the  aUotropic  forms  of  bodies? 
State  the  properties  of  ox;^gen  in  its  ordinary  and  in  its 
aUotropic  forms,  and  mention  some  of  the  means  by  whidi 
the  latter  state  is  produced,  and  how  its  presence  is 
detected.— [S.  S.,  pars.  191,  192,  and  193;  P.  S.,  page 
266.] 

Explain  the  law  of  equivalents.  Illustrate  it  in  the 
preparation  of  1,000  grams  of  nitric  acid,  on  the  suppo- 
sition that  sulphuric  and  nitric  acids  are  both  monobasic 
monohydrates,  and  the  residue  in  the  retort  is  bisul- 
phate  of  potash. 

K  =  39 

— [F.  S.,  pars.  136  and  137.] 

How  do  you  judge  of  the  neutrality  of  the  salt  of  a 
bibasic  acid  on  the  oxygen  theory  of  salts  P  Illustrate 
this  in  the  case  of  Bochelle  salt  and  of  tartar  emetic.^ 
[F.  S.,  pars.  446  and  446.] 

What  is  meant  by  homologous  series?  To  what  ho- 
mologous series  does  valerianic  acid  belong?  Give  its 
formula,  and  the  process  for  preparing  it. — [B.  S.,  Appen- 
dix A,  page  278,  and  par.  620.] 
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Give  tbe  formulsQ  of  the  alcohols,  ethers,  aldehydes,  and 
acids  of  the  first  five  members  of  the  homologous  series. 

— [S.  8.,  pars.  669,  663,  and  573.] 

M.D.   EZAMIKATIOK. 

Explain  the  doctrine  of  multiple  proportions ;  illuatiats 
by  examples  in  6Ymbols.--[F.  o.,  pars.  142  and  143.] 

What  is  the  lav  which  gases  follow  in  combining? 
Illustrate  this  in  the  formation  of  water,  ammonia,  hydro- 
chloric acid,  and  protoxide  of  nitro^en.^  [8.  S.,chap.  II.] 

Give  the  preparation  and  properties  of  chlorine.  Illus- 
trate by  symbols  its  action  on  a  solution  of  protosulphato 
of  iron.— [F.  8.,  par.  628.] 

Give  the  different  modes  of  preparation,  the  composi- 
tion by  weight  and  by  volume,  the  properties  and  uses 
of  sulphurous  acid. — [F.  8.,  nar.  646 .J 

How  many  grains  of  Ba  CI,  2  H  O  are  required  to  pre- 
cipitate all  tne  sulphuric  acid  in  20  grains  of  Na  O  S  Ob» 
lOHOP 

Ba  =  68-6         Na=  23-0         CI  =  35-6 
— FF.  8.,  chap.  XIX.] 

What  is  theprinciple  on  which  is  based  Marsh's  test 
for  arsenic  P  Explain  the  modes  of  applying  it,  and  tiie 
different  precautions  to  be  taken. — [Q.  A.,  pars.  274  to  280.1 

Give  the  preparation,  properties,  and  decompositions  of 
anhydrous  hydrocyanic  acid.— [F.  8.,  par.  663.] 

How  are  lactic  and  butyric  acids  prepared  P  Give  the 
homologous  series  to  which  the  latter  oelongs. — [F.  8., 
par.  367,  and  8.  8.,  par.  620.] 

Diploma  ot  G.E. 

What  are  the  laws  which  regulate  chemical  combina- 
tion P—[;F.  8.,  pars.  127  to  160.] 

How  IS  chemical  action  characterised  and  distinguished 
firom  mechanical  action  P  Give  examples  of  each. — [F.  8., 
pars.  24  to  28,  and  126  to  127.] 

What  are  the  various  sources  from  which  sulphur  is 
extracted  P  Mention  the  different  processes  for  extract- 
ins^  and  preparing  it  for  use  in  the  arts,  as  flower  and  roll 
sulphur.    State  its  chief  properties ;  its  relations  to  heat ; 
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ax&d  give  the  fonnuls  of  the  different  aoida  it  fomiB  with 
oxygen. — [F:  S.,  nars.  543  and  544.] 

What  are  the  formula  of  neutral  sulphates  of  the  prot- 
oxide and  of  the  sesquioxide  of  iron  P  Why  is  the  add!itioa 
of  Bulphnric  acid  necessary  in  converting  the  former  salt 
into  the  latter  P—[F.  S.,  pars.  445  and  446.1 

Give  in  symbols  the  oxyj^en  compounds  of  chlorine,  and 
state  shortly  their  properties.— [F.  S.,  pars.  529  to  533.] 

What  are  the  characteristic  reactions  by  which  yod 
would  distingoish,  by  the  blowpipe,  ores  of  lead,  bismuth, 
zinc,  and  antimony  P—[Q.  A.,  pars.  314,  325,  173,  174^ 
and  262.] 

How  many  cubic  inches  of  oxygen  can  be  obtained  from 
200  grains  of  chlorate  of  potash  P 

K  =  39  a  =  36-6 

100  grains  of  oxygen  weigh  34*29  grains. 

— [S.  S.,  par.  4.] 

Qive  ike  preparation  and  the  properties  of  cyanogen.— 
[F.  S.,  par.  562.] 

Diploma  of  C.E.,  with  HoKorBS. 

Explain  shortly  the  atomic  theory  of  Dalton. — [F.  S., 
pars.  188  to  142.] 

What  \b  the  law  of  combination  among  gases  P  How  is 
the  combining  yoltune  of  a  gas  ascertained  P — [S.  S., 
chap.  II.] 

What  is  the  supposed  nature  of  ozone  P  How  is  it 
produced  P  Give  its  properties,  and  the  means  of  de- 
tecting it  in  Uie  atmosphere. — [F.  S.,  page  266.] 

By  what  means  does  the  composition  of  the  atmosphere 
remain  uniform,  notwithstanding  the  different  densities  of 
the  gases  composing  itP  What  would  be  the  relatiye 
rapidity  with  which  oxygen  and  hydrogen  mix  with  car- 
bonic aoidP— [F.  S.,  pars.  174  to  182.] 
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DEPARTMENT  OF  SCIENCE  AND  ABT. 

Examination  fob  Sciencb  C£rtificats8. 

Inorganic  ChemUUy, 

1861. 

I* 
Describe  the  ustial  processes  for  the  prepamtion  of 
chlorine.— [F.  S.,  par.  628.] 
How  is  nickel  separated  from  cobalt  P— [Q-  A.,  par.  167.] 
The  formula  usually  adopted  by  chemists  for  felapar  is 
ZO,  SiO,  +  A1,0„  3SiO,.     In  this  formula  K=a9, 
Al  =  137,  Si  =  21,  0  =  8.    What  is  the  formula  of  fel- 
spar if  the  following  equivalents  be  taken  P — 
K  =39  I  Si  =28 

Al=13  7  I  O  =16 

— [F.  S.,  chap.  XX.] 

n. 

The  specific  gravily  of  nitrog[en  referred  to  that  of 
hydrogen  as  unity  is  14.  What  is  the  specific  graTitr  of 
ammonia  referred  to  that  of  hydrogen  as  unity  P  Give 
the  method  of  calculation.— [S.  S.,  pars.llO,  111,  and  136.] 

A  salt  has  been  found  to  contain,  in  100  parts, — 

Phosphorus 12'65 

Itfagnesium 9*79 

Kitrogen 6*71 

Hydrogen 6-64 

Oxygen 66-31 

10000 
What  is  the  formula  of  the  salt  P    The  following  equiva- 
lents to  be  used  :— 

Hydrogen  -      1 

Oxygen     -        -      8 

Nitrogen   -        -    14 

Give  details  of  calculation. — [ 

ni. 

Give  an  outline  of  the  manufacture  of  nitric  acid,  and 
state  the  quantities  of  sulphuric  acid  (H  S  OJ,  nitrate  of 

Not  more  than  one  qaoBtUm  in  6Mh  teotifan  ii  pennitted  to  be  at- 


Phosphorus      -    31 
Magnesium      -    12 

F.  S.,  chap.  XX.] 
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potaBBiiun  (K  N  O,),  or  nitrate  of  sodium  (Na  N  O,,) 
-wliich  are  required  to  produce  one  pound  of  nitric  acid 
(HNOe). 

H=   1  S    =16 

0=8  K  =39 

N  =  14  Na=23 

— VF.  S.,  chap.  XEX.] 

How  many  volumes  of  oxygen  gas  are  reauired  to  bum 
one  volume  of  marsh  gas  and  one  volume  or  olefiant  gas  ; 
and  how  many  volumes  of  carbonic  acid  gas  are  pro- 
duced by  their  combustion  P— [S,  S.,  page  72,  Exercise  86.] 

1862. 
I. 
y  volumes  of  sulpburetted  hydrogen  are  decomposed 
by  an  excess  of  bromine ;  how  many  volumes  of  hydro- 
bromic  acid  are  generated  by  this  reaction  P  State  the 
mode  of  reasoning  whereby  the  result  has  been  arrived 
at.— [S.  S.,  page  166,  pars.  1  and  2.] 

II. 
Theformuk  of  alum  is  KO,  SO,-hAI,0,.  3S0,-f- 
24  H  O,  what  is  the  composition  of  the  salt  in  100  parts  P 
The  following  equivalents  to  be  used : — 

H=:  1  K  =  39 

0=8  Al=13-7 

S  =16 
Give  such  numerical  details  as  will  show  the  method  of 
calculation.->[F.  S.,  chap.  XIX.] 

Five  volumes  of  a  hydrocarbon  (Cn  Hn)  are  submitted  to 
combustion.  How  many  volumes  of  oxygen  are  required 
for  its  complete  combustion,  and  how  many  volumes 
of  carbonic  acid  gas  are  generated  P — [S.  S.,  page  73» 
Exercises  91  and  92,  and  ifotes.] 

ni. 

Give  a  definition  of  the  terms  acid,  base,  and  ssdt. — 
[F.  S.,  pars.  70  and  71.] 

The  K>rmula  of  the  mineral  stilbite  usually  adopted  by 
ohemistsisCaO,  SiO,  +  Al,0„3SiO, -h6H0.  Inthia 
formula  the  symbols  have  the  following  values  :— 
H=   1  I  ^i=21 

O  =  8  Ca  =  20 

Al=13-7 
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What  is  tbe  formula  of  atilbite,  if  the  foUowing  equira- 

lento  be  used  P — 

H=  1  Si  =28 

0=16  Ca=40 

Al=27-4 

Give  such  numerical  details  as  will  show  the  mode  of 
calculation.---[S.  S.,  page  168,  par.  4t,  and  par.  884 ;  and 
F.  S.,  chap.  XX.] 

IV. 

Describe  one  of  the  methods  of  estimating  the  amovat 
of  oxygen  in  atmospheric  air. — [F.  S.,  par.  620.] 

The  specific  gravity  of  chlorine,  referred  to  that  of 
hydrogen  as  unity,  is  36' 5.  What  is  the  specific  grayity 
or  hydrochloric  acid  referred  to  that  of  hydrogen  as  unity? 
-[8.  8.,  par.  136.] 

Organic  CkmiUsiry. 

186L 

I. 

Describe  the  processes  for  transforming  benxol   into 

aniline.— [S.  S.,  page  269,  par.  3 ;  page  407,  par.  3 ;  and 

Appendix  I.,  page  414.] 

An  organic  acid  has  been  found  to  contain,  in  100 
parts, — 

Carbon 6087 

Hydrogen        .....      4*35 
Oxygen -    3478 


100  00 
The  analysis  of  the  silyer  salt  of  this  acid  has  giTca 
the  following  result : — 1*062  parts  of  the  silver  salt  lefi» 
upon  ignition,  0*4637  parts  of  metallic  silver.  What  xi 
the  formula  of  the  aciaP  GKve  details  of  calculation.-^ 
[F.  8.,  chap.  XX.] 

in. 

Express  in  formula  the  transformation  of  oxalic  e<Jier 
into  oxamate  of  ethyl  and  oxamide. — [8.  S.,  par.  827.] 

Describe  the  method  of  preparing  the  chlorides  of  ths 
acid  radicals,  and  their  deportment  under  the  influence 
of  water,  alcohol,  and  ammonia.— [S.  S.,  pars.  928,  929; 
page  422,  par.  6.] 
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Tn  detennining  the  yapoar  density  of  an  organic  com- 
XK>und  according  to  Dumas'  process,  the  following  obser- 
vations were  recorded: — 

Temperature  of  air        -        -        -       12**  C. 
Temperature  of  vapour  -        -     152°  C. 

Weight  of  glass  globe  filled  with^ 

the  vapour,  minus  weight  of  >   0*386  grams, 
globe  nlled  with  air  -        -      ) 
Capacity  of  globe  -        .        -        -     292  o.  o. 
Barometer 0762  metres 

100  cubic  centimetres  of  air  at  0^  C,  and  bar.  0*760  metres, 
weigh  0*12932.  What  is  the  vaponr  density  of  the  com- 
pound referred  to  hydrogen  as  unity  P  Give  details  of 
calculation.— [S.  S.,  pars.  123,  and  128  to  131.] 

IV. 

Give  some  examples  of  monatomic,  diatomic,  and  tri- 
atomic  alcohols.  State  their  formul». — [S.  S.,  pars.  553, 
656  to  560,  734,  735,  and  834.] 

Describe  a  process  by  which  alcohol  may  be  converted 
into  propionic  acid,  and  acetic  add  into  glycolic  acid. — 
[8.  S.,  pars.  629,  631,  and  805.] 

Calculate  the  ouantities  of  binozide  of  manganese  and 
hydrochloric  acia  which  are  necessary  to  convert,  respect- 
ively, into  chloroform  (Ca  H  Cl«)  and  chloride  of  carbon 
(Cs  CI4)  the  quantity  of  marsh  gas  evolved  by  the  distilla- 
tion of  lib.  of  acetic  acid  (C4H4O4)  with  an  excess  of 
lime.  Give  details  of  calculation.— [S.  S.,  par.  637 ;  and 
P.  S.,  par.  528,  and  chap.  XIX. 


I. 

What  is  Boap  P— [S.  S.,  par.  836.] 

How  is  acetic  acid  converted  into  aoetio  anhydride  P— « 
[S.  8.,  par.  642.] 

The  analysis  of  a  basic  compound  consisting  of  carbon 
hydrogen,  and  nitrogen,  furnished  the  following  results : — 
0*250  grams,  of  substance  gave,  on  combustion,  0*632  grams, 
of  carbonic  acid  (C  Os),  and  0*337  grams,  of  water.  The 
base  forms,  with  hydrochloric  acid  and  bichloride  of  pla- 
tinum, a  crystalline  platinum  salt.  0*500  ^ams.  of  double 
salt  left,  on  ignition,  0*168  grams,  of  platmom.    What  it 
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I 

the  per-centa^e  composition  of  the  base,  and  what  is  its 
formula  P    Give  such  numerical  details  as  will  show  the 
method  of  calculation.    Equiyalenta  to  be  used : — 
C  =  12  I  O  =  16 

H=    1  Pt  =  98-7 

N  =  14  CI  ==  35-5 

— [F.  S.,  chaps.  XIX.  and  XX.] 
II. 
How  is  benzoic  ether  prepared  P—[S.  S.,  par.  714.1 
Describe  the  action  of  metallic  zinc  upon  iodide  of 
ethyl,  and  the  products  which  are  formed  in  the  reaction. 
—[8.  S.,  pars.  194  to  212.] 

nL 

Describe  the  composition  and  the  preparation  of  acetone. 
— [S.  S.,  pars.  607  and  508,] 

IV. 
What  does  the  term  substitution  mean  in  chemistrr? 
Give  some  examples  of  substitutions. — [F.  S.,  par.  397; 
and  S.  S.,  par.  632.] 

EZAMIITATIOV  OF   SciBNCE  ScHOOLS  JJH1>   OlASSSS. 

Jnorffanic  Chemistry, 

1862. 

Series  L^ 

What  methods  are  generally  employed  for  the  prepara- 
tion of  bTdrogenP  !E^present  the  reactions  by  cQa^Faim 
or  formujaB.~[F.  S.,  par.  617.] 

How  is  chlorine  prepared  P — [F.  S.,  par.  628.] 

What  is  the  action  of  nitric  acid  upon  copper? — [P.  S., 
page  36,  Exercise  73.] 

What  is  the  composition  of  water  by  weight  and  by 
volume  P—fF.  S.,  par.  618.] 

How  is  bleaching  powder  prepared  P—[F.  S.,  par.  530.] 

Express  the  preparation  of  nitric  acid  in  formula.— 
[F.  S.,  par.  622.] 

What  is  the  composition  of  the  principal  mineral  from 
which  lead  is  obtained  P — [Q.  A.,  par.  312.] 

*  Eiffht  qaestions  onlj  are  permitted  to  be  attempted.  Thej  may  be 
■elected  from  Series  I.  or  IL,  or  from  both:  each  queetion  in  Seriec  L  ia  8, 
and  Seziee  II.  ia  12-6. 
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The  formula  of  oxide  of  silyer  is  Ag  O,  the  equiyalent 
of  silver  is  108,  the  equivalent  of  oxygen  is  8.  How 
many  pounds  of  oxide  of  silver  are  necessary  to  make 
100  lbs.  of  oxygen  P—[F.  S.,  chap.  XIX.] 

What  is  the  source  of  hydrochloric  acid,  and  how  is  it 
prepared?— [F.  S.,  par.  533.] 

1863. 

What  is  the  composition  of  hydrochloric  acid  by  weight 
and  by  volume  P—[S.  S.,  par.  104.] 

How  is  nitrogen  prepared  P — [F.  S.,  par.  519.] 

How  is  ammonia  prepared? — [F.  S.,  par.  527.] 

What  is  meant  oy  the  term  ag;ua  regia? — [F.  S., 
par.  634.J 

How  IS  manganese  detected  in  a  mineral? — [Q.  A,, 
par.  171.] 

In  what  state  is  sodium  found  in  nature  P — [Q.  A., 
par.  113.1 

Describe  the  preparation,  composition,  and  properties 
of  carbonic  acid.— TF.  S.,  par.  655.] 

Describe  the  dinerent  modifications  of  carbon. — [S.  S., 
par.  192.] 

In  what  state  does  tin  occur  in  nature? — [Q.  A., 
par.  248.] 

Series  H. 
1862. 

How  are  barium,  strontium,  and  calcium  detected  when 
mixed?— [Q.  A.,  par.  133.] 

What  IS  the  composition  of  gunpowder,  and  what 
reaction  takes  place  during  its  explosion? — [S.  S.,  page 
2,  Exercise  9.] 

How  many  compounds  of  phosphorus  and  hydrogen 
are  there,  and  how  are  they  obtained? — [F.  S.,  par.  563.] 

How  are  the  oxides  of  nitrogen  prepared? — [F.  S., 
pars.  521  to  526.] 

A  substance  has  been  foimd  to  contain, — 

Arsenic 66*22 

Oxygen 3478 

10000 
The  combining  number  of  Arsenic  is  76. 
„  ,1  Oxygen  is  8. 
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Wliat  is  its  formiilaP     Gire  detaOs  of  calcnlAtioiL— 
[F.  8.,  chap.  XX.] 

The  formula  of  sulphate  of  copper  is  Ga  3  O4  +  5  H  0. 
What  IS  its  per-oentage  composition? 

Combining  number  of  Copper   •        -    31*6 

„  „  Saiphor  -        -    16 

„  „  Oxygen  -        -      8 

»f  sf  Hydrogen       -      1 

Giye  details  of  calculation. — [F.  S.,  chap.  XiXQ 

186d. 

State  the  composition  and  the  preparation  of  tiie  most 
important  compounds  of  sulphur  with  oxygen. — [F.  8., 
pars.  644  to  647.] 

Giye  an  outline  of  the  method  of  preparins  phoffphorofl. 
Sepresent  in  formula  the  reactions  inrolyea  m  tms  pre- 
paration.—[F.  8.,  par.  649.] 

How  are  calcium,  magnesium,  and  iron  detected  when 
occurring  together  in  solution  P— [Q.  A.,  page  134,  table 
VII.,  pars.  3,  5,  and  6.] 

The  formula  of  crystallized  carbonate  of  sodium  is 
Na  C  Ot  +  10  H  O.  What  is  its  per-centage  composition  P 
Giye  such  numerical  details  as  will  show  the  znode  of 
calculation. 

H  =  l  I  C    =  6 

0=8  I  Na,=2» 

— [F.  8.,  chap.  XIX.] 

How  many  pounds  of  copner  aro  necessary  to  piv- 
pare  100  pounds  of  crystallized  sulphate  of  copper 
fOuSO,  +  6HO)P 

H  =  l  I  8  =16 

0=8  I  Ctt=3r7. 

— HP.  8.,  chap.  XIX.] 
2L  substance  has  been  found  to  contain^ — 
Tin      .  78-67 
Oxygen  2133  Sn=69 

^^  0=8 

100-00 
What  is  its  formula  P    Giye  such  numerical  details  aa  will 
show  the  mode  of  calculation.— [F.  S.»  chap.  XX.] 
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1862. 

What  18  the  action  of  chlorine  upon  olefiant  gasP— 
[S.  S.,  par.  525.] 

In  wnat  relation  does  aldehyde  stand  to  alcohol  and 
acetic  addP— TS.  8.,  pars.  478  and  479.] 

Give  examples  of  monobasic,  bibasio,  and  tribasic  or- 
ganic acids.— [S.  S.,  pars.  600  to  603,  620,  812,  and  881.] 

What  is  the  action  of  nitric  acid  upon  benzol  P — [S.  S., 
page  259,  par.  3.] 

What  is  meant  by  the  term  "  series  of  fatty  acids  "  P — 
[S.  S.,  par.  619.] 

What  is  the  action  of  excess  of  barvta  on  benzoic  acid 
at  a  high  temperature  P—fS.  S.  693,  Exercise  2.] 

What  are  nomologouslbodiesP  Give  some  examples. 
—[8.  S,,  page  278,  Appendix  A.] 

1863. 

What  is  the  formula  of  acetic  acidP--[S.  8.,  par.  620.] 

Describe  a  method  of  preparing  olefiant  gas.— -[8.  S., 
par.  522.] 

How  is  iodide  of  ethyl  prepared  P-'-CS.S.,  par.  910.] 

State  the  composition  of  urea. — [8.  8.,  pars.  1057  to 
1063.1 

What  is  soapP-fS.  8.,  par.  836.] 

What  is  the  action  of  chlorine  on  acetic  acidP— [S.  S., 
par.  632.] 

How  is  sugar  converted  into  alcohol  P  Eepresent  the 
reaction  in  an  equation.— [F.  S.,  pars.  364  ana  365.] 

Give  some  examples  or  organic  bodies  which  may  be 
referred  to  the  type  water.— [8.  8.,  page  248.] 

Series  11. 

1862. 
What  is  the  action  of  heat  and  dehydrating  agents  on 
formiate  of  ammonium  and  acetate  of  aomionium. — [8.  S., 
par.  1013.] 

What  is  the  action  of  solution  of  ammonia  upon  oxalic 
ether  P  What  is  the  constitution  of  the  principal  pro- 
duct P— [8.  8.,  par.  827.] 

3  D 
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GKye  an  example  of  a  diatomic  alcohol,  and  wl&at  are 
the  acida  that  may  be  derived  from  it  P— [S.  S.,  par.  756. j 

How  ia  benzoic  alcohol  prepared? — [S.  S.,  par.  5d5.] 

What  ia  the  action  of  chloride  of  benzojrl  on  dry  car- 
bonate of  ammonium,  and  what  is  the  conatitation  of  the 
product?— [S.  S.,  page  422,  5th  Example.] 

A  compound  has  been  found  to  contain,— 

Carbon 40-00 

Hydrogen 667 

Oxygen 53-33 

lOOOO 

What  is  its  formula?  Combining  number  of  carbon,  6 ; 
hydrogen,  1;  oxygen,  8.  Give  aetails  of  calculation. — 
[F.  8.,  chap.  XX.1 

What  are  simple,  mixed,  and  compound  ethers,  and  in 
what  relation  do  they  stand  to  water?— [S.  S.,  pars.  384 
and  710.] 

1863. 

Describe  the  method  of  transforming  benzol  into  aniline. 
— -[S.  S.,  page  259,  3rd  example;  and  page  407,  3rd 
example.] 

What  are  the  products  of  the  action  of  sulphuric  acid 
upon  alcohol  ? — [S.  S.,  par.  571.] 

Give  examples  of  primary,  secondary,  and  tertiaiy 
monamines. — [S.  S.,  par.  972.1 

A  compound  has  been  found  to  contain,  — 

C    -    68-53 

H  -      7-32  H=    1 

N   -    34-16  C  =   6 

N  =14 

100-00 

What  is  its  formula?     Give  such  numerical  details  as 
will  show  the  mode  of  calculation.— [F.  S.,  chap.  XX.] 

Give  examples  of  monatomio,  diatomic,  and  triatomic 
alcohols.— [8.  8.,  pars.  653,  559,  735,  and  834.] 

Calculate  the  ]^r-centa^e  of  carbon,  hydrogen,  and 
oxygen  contained  in  benzoic  acid  (Cu  He  O4). 
H  =  l  C  =  6  0  =  8 
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Give  Buch  numerical  details  as  will  show  the  method  of 
calculation.- [F.  S.,  chap.  XIX.] 

Describe  the  several  methods  of  ascertaining  the  pre- 
sence of  hydrocyanic  acid.--[Q.  A.,  ^ars.  452  to  455.] 

State  the  preparation  and  composition  of  mercaptan. — 
[S.  S.,  par.  366.] 
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Bff  tke  tame  Author, 

CHEMICAL    TABLES. 

Tour  &arf  e  Sbeeto*  for  Selioola  an4  Iiectnre  Xowm. 

Frioe  4«.  6d.  the  set. 

1.  TaBLX  of  ElBMBKTS,  WITH  THSIB   SfMBOLS,  ATOMIC 

Wbights,  a»d  Spbcific  Gbavitiks. 

2.  Tablb  of  Bases,  with  thbib  Symbols  akd  Coi.oub. 

3.  Tablb  of  Acids,  with  thbib  Symbols,  aki>   thb 

Statb  in  which  thby  Exist. 

4.  Tablb  of  thb  Gbnbbal  Fobmuljb  of  Salts. 

These  Tables,  and  the  **  First  Step,"  are  placed  on  the  List  of 
School  Books  of  the  Educational  Committee  of  the  Privj  OoanciL 


THE  FIRST  STEP  IN  CHEMISTRY. 

A  NXW   MSTHOB    FOB   TSACHIKO  THB   BLBMBNT8   OF   THS 
SCIBKCB. 

Third  Edition,  Illustrated  vith  Engrarings  on  Wood ;  foolscap 
8?o.,  cloth,  &B. 

"  BegiBiien  im  tke  stadT  of  ckemiatrf  are  mack  indebted  to  Mr.  Gal- 
loway, Tor  the  gnat  pains  he  has  taken  in  the  book  before  ns  ('  Manual  of 
Quahtative  Analysis  ),  and  in  his  '  First  Step  in  Chemistry/  to 

from  the  path  of  the  student  the  many  diffleultiee  and  obatades  whic] 

his  early  progress.    These  difficnlties,  so  pnailing  and  disoouraging  to  the 
"*      "        "  {lected  by  the  compilers  of 

rableandespc 
B  most  matenallT  facili- 
tating the  aequisition  of  soitnd  knowledge  in  tke  first  stages  of  onemical 


pupil,  are  too  often  forgotten  or  neglected  by  the  compilers  of  such  text- 
books ;  but  our  author  has  evidently  deroted  considerable  and  especial  atten- 
tion to  them,  and  we  think  he  has  been  suoceeafnl  in  most  materially  facili- 


study." — PhiloBopkieal  Maffogin*. 

**  We  spoke  favourably  of  Mr.  Galloway's  work  oa  '  QnaKtatiTe  AnalyaiB/ 
and  we  are  no  less  pleased  with  his  *  First  Siep."'^Ali«iuguwu 

**  We  have  thus  glanced  at  the  principal  features  of  Mr.  Gallowaf's  srstea 
of  instruction,  ana  although,  as  the  book  has  now  reached  a  third  ectitioDy 
it  is  pretty  extensively  known,  we  hare  done  so  becaose  we  believe  that 
the  principles  of  such  a  system  cannot  be  too  widely  difltased,  and  that,  if 
universallV  employed,  not  only  would  the  beginner  be  qpared  muck  disap- 
pointment, but  many  more  really  practical  ckemists  would  be  given  to 
science.  We  bave  marked  several  portions  of  Mr.  Galloway's  book,  the 
peculiar  merits  of  wkich,  did  space  permit,  we  skould  notice  at  length,  bot 
we  think  that  our  readers  will,  from  the  above  r^mteii,  get  an  idea  ot  its 
general  plan,  and  for  its  detaiU  wo  refer  them  to  the  book  itsdf.  We 
cannot,  however,  conclude  tkis  notice,  witkout  reference  to  tke  chapter  on 
the  atomic  theonr,  and  that  on  isomerism,  as  examples  of  that  deaness  of 
explanation  whicn  is  pre-eminently  the  characteristic  of  the  whole  work.  Of 
the  manner  in  which  a  subject  may  be  treated,  so  as  to  combine  intereatiof 
reading  with  sound  instruction  in  confessedly  difficult  subjects,  the  sectioDS 
on  h'ght  snd  dectrioity  may  be  dted  as  illustrations. 

John  CnuBcuiLL  and  Sohs,  Now  Burlington  Street. 
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"  In  poaelnsioD,  we  oonfldenUj  reoommend  Una  little  book  to  all  who  seek 
an  introduction  to  ohemistry,  as  s  book  which  will,  if  properly  atadied,  leave 
them  in  an  inflnitely  better  position  than  years  of  attendanoe  npon  lectures 
on  the  science,  and  with  a  practical  knowledge  of  all  its  fundamental  trntha." 
— Zhthlin  Itedical  Freu, 

"  We  heartily  eonunend  this  unpretendini^  work  to  the  heads  of  scholastic 
establishments,  and  to  others  who  are  anxious  to  initiate  their  pupils  into 
the  principles  of  a  most  fascinatini;  and  most  useftd  branch  of  human  know- 
ledare." — London  Journal  qf  Medicine. 

*vrhe  author  of  this  manual  complains,  and  with  some  justice,  that  the 
elementary  works  on  the  science  of  chemistry  do  not  begin  at  the  beginninff , 


Stress  on  instruction  in  working  examples;  to  lay  down  rules  simply  would 
utterly  fail  as  a  method  of  teaching  Chemistry,  just  as  much  as  it  would  fail 
in  arithmetic.  The  exerdsea  in  this  book  are  most  abundant,  and  conaiitute 
tta  aeoond  recommendation.  On  the  whole,  we  think  it  a  verr  excellent 
Work,  and  we  recommend  it  to  the  notice  of  our  readers."— .^ii^^Mik  Jommal 
qf  Sductition, 

"This  method  of  instruction  seems  likely  to  meet  with  considerable 
BQccess  in  schools  and  other  establishments,  where  a  studr  of  chemistry 
is  not  a  chief  branch  of  education,  but  must  tcJre  its  place  by  the  side  of  Latin 
and  Greek ;  and,  as  such,  it  gives  us  pleasure  in  being  able  to  cordially  re- 
oommend tbia  usefVil  little  hook.''— Chemical  I^evi. 

"  We  have  seldom  had  an  opportunity  of  witnessing  so  large  an  amount 
of  valuable  information  compressed  in  so  small  a  space;  and  to  the  young 
student  in  chemistry,  as  well  as  the  more  matured  one.  we  have  no  hesitation 
in  strongly  recommending  the  result  of  Mr.  Qalloway  s  labours."— If  onun^ 
Merald, 

**  The  plan  of  teaching  adopted  by  Mr.  GaSoway  differs  very  considerably 
from  the  plans  hitherto  laid  down;  and  the  fact  of  a  second  edition  of  the 
work  having  been  called  for  is  a  proof  that  Mr.  Galloway's  system  is  highly 

Spreciated  by  the  public For  interest  and  perspicuity,  this  la 
e  most  complete  elementary  treatise  oo  chemistry  which  has  vet  appeared ; 
and  we  can  confidently  recommend  its  study  to  all  those  who  wish  to  become 
acquainted  with  that  valuable  science." — Morning  Chronicle. 

"Enough  has  been  said  to  show  the  scope  and  design  of  Mr.  Galloway's 
*  First  Step  in  Chemistry.'  We  recommend  it  to  evez^  beeinner  in  the 
study  of  that  science,  as  better  fitted  to  smooth  his  first  difllculties  than  any 
other  work  with  which  we  are  acquainted." — Morning  Poet. 


MANUAL  OF  QUALITATIVE  ANALYSIS. 

ThIBD  EdIIIOK,  EkLABGSD  ASD  IJiPBOYBD,  FBIOB  5b. 

This  work  contains  a  new  and  Bimplified  scheme  of  analjeis.    It 

is  one  of  the  tezt-booke  in  the  examination  for  certificates 

as  teachers  of  science  in  the  department  of  Science  and  Art. 

"  A  most  important  feature  of  the  system  pursued  consists  in  contrasting 

the  chief  properties  of  the  individual  members  of  each  group  of  subtit«nces, 

by  placing  a  description  of    these  properties  in  parallel  columns;  thus 

the   student,    after  experimentally    demonstrating  their  behaviour  with 

reagents,  is  enabled  to  devine  for  himself  methods  for  the  sepanttion  and 

individual  detection  of  the  difibrent  members  of  the  group  before  him.    We 

JoHir  CuuscniLL  and  Sonu,  New  Burlington  Street. 
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CAanot  but  ffreaily  admire  this  plan  of  traehing  dhamical  analjaU,  wld^ 
whilat  it  c«Us  into  ezerciae  tiie  powen  of  obterration,  at  the  same  tiat 
wpeals  to  the  judgment  and  reasoning  &eoltiea  of  the  ezpenmenter.  TW 
adoption  of  methods  of  stndy  like  this  cannot  fail  still  ftirUier  to  hiereaa* 
the  Talne  of  the  natural  sciences  as  instruments  of  intellectual  diwsipliiw. 
We  can  confidentlj  recommend  Mr.  Galloway's  work  as  a  Talnable  text- 
book, both  to  the  regular  laboratorr  student  and  to  the  beginner  who 
has  not  the  adrantage  of  profesaonal  mstractaon." — PJUtosqpAiegTJfayoriMr. 

"  This  is  reallr  a  valuable  little  book.  We  hare  not  for  a  lon^  tune  nkst 
with  an  introductory  manual  which  so  completelr  fulfils  its  intention.  ... 
The  author  before  us  has  olearlj  ascertained  all  the  obstadea  lyin^  in  the 
way  of  the  progress  ot  the  chani<»l  student,  and  has  used  mnefa  jodgvMat  in 
his  endeavours  to  obviate  them." — Aikenmtm. 

"  For  the  benefit  of  those  of  our  readers  who  have  never  naet  with  ICr. 
Galloway's  manual,  we  will  briefly  describe  tbe  plan  upon  which  it  is  based 
—a  plsn  of  which  many  years  of  practical  e|xperience  hasproved  the  snoeeas. 
On  this  point  we  can  ourselves  speak  positively,  having  had  an  opportunity 
iolt  watching  the  working  <]i  Mr.  GtaUowav's  system  among  a  lai^  eUas  ot 
students,  many  of  whom  became*  solely  by  its  aid  and  their  own  industry, 
reallv  excellent  analysts.  ...  In  conclusion,  we  wish  Mr.  Galloway 
much  success  in  his  valuable  undertaking,  and,  in  uianking  him  for  giving  to 
the  student  the  best  introduction  to  qiuditative  analysis  with  which  we  are 
acquainted,  would  express  our  opinion  that  it  shouldoe  placed  in  the  hands 
of  every  beginner,  and  be  the  class-book  in  every  chemioal  school  and  labo- 
ratory of  instruction/'— Dit&Us  Medical  Fren. 

**  With  a  few  trifling  exceotions,  such  as  those  we  have  noticed,  the  book 
is  a  thoroughly  good  Mai^ual  of  Analysis,  and  can  be  mastered  in  a  short 
time.  It  is  hi^y  appreciated  in  several  laree  schools,  and  is  found  of  veiy 
great  use  by  medical  students." — Chemieal  New*. 

"  The  author  of  this  little  treatise  has  wisely  be^fun  with  the  alphabet  of 
his  science,  and  his  explanation  of  terms,  and  his  illustrations  of  simfde 

Shenomena,  are  very  happily  given.    We  cordially  reoommend  this  Manual 
)  every  person  desirous  of  making  himself  acquainted  with  the  powers  of 
chemisti^r."— l^tfTor^r  OageUe. 

"  We  see,  in  these  modifications  of  the  usual  process  of  analysis,  as  well 
as  in  tiie  Manual  in  which  they  are  described,  much  to  commend  them 
to  favourable  consideratiou."— PAarMaMwNeal  Jtmmal. 

**  The  *  Manual  of  QualiUtive  Analysis,'  by  Professor  Bobert  Galloway,  of 
Dublin,  is,  we  believe,  the  work  best  calculated  to  meet  the  wants  of  prac- 
tical men,  its  very  great  recommendation  being  that  it  teaches  the  student 
to  exercise  his  judgment  rather  than  his  memory,  and  thus  to  obtain  sound 
prsotical  knowledge,  instead  of  being  compelled  to  rely  upon  superficial 
ideas,  so  unsssociated  with  each  other  as  to  be  useless,  except  to  the  special 
case  for  which  they  were  learned.  As  sn  elementsry  work,  the  'Manual  of 
AnaWsis '  is  one  of  the  best  we  have  seen,  the  mode  of  tabulation  being 
simple,  ingenious,  and  well  calculated  to  assist  the  memory,  whilst  no 
information  is  given  beyond  that  which  the  student  will  constantly  find  it 
necessary  to  refer  to  in  developing  that  judgment  which  the  other  portions 
of  the  work  teach  him  how  to  exercise." — Mtnina  Journal, 

"  Mr.  Galloway's  book  is  a  very  good  manual  for  the  student  of  anslytieal 
chemistry,  in  whirh  the  author  has  pointed  out  and  explained  all  those  little 
difficulties  which  are  so  pussling  to  the  beginner,  and  has  substituted  a  very 
simple  scheme  of  analysis  for  the  complex  and  cumbrous  systems  employed  in 
some  of  the  other  treatises  on  quslitative  analysis.  There  are  some  points  on 
which  greater  fulness  would  probably  have  been  advantageous ;  these,  how- 
ever, may  easily  be  extended  in  a  fitnre  edition  The  work,  however,  is  a 
valuable  addition  to  the  treatises  on  the  subject  we  already  possess,  sad 
seems  likely  fo  find  its  way  into  our  laboratories  as  a  student's  text-book.'* 
^MoHihig  Jour  mat  ((f  Medical  Seienee. 


Jous  Chitbchill  aitd  80H8,  Jiew  Burlington  Street. 


1. — ,._^ 

STUDENTS'    BOOKS.  ' 

X  OF  KNOB  STTBGEST  AKB  BAKDAGIira     For  th. 

House-Surgeons,  Dressers,  and  Junior  Practitioners.  B; 
roFHEB  Heath,  F.R.C.S.  With  Illustrations.  8ec(m 
n,    Fcap.  8vo,  clotb,  hs. 

O:.  OF  AVnCAL  PHT8I0L06T.  With  an  Appendix  o 
ons  for  the  B.A.  London,  Roy.  Coll.  Surg.,  and  othe: 
nations.  By  John  Shba,  B.A.,  M.D.  With  numerou 
irings.    Fcap.  8vo,  cloth,  5«.  Qd. 

)E  CUKICAL  CLEBKB  m  XXDICAL  CASES.  Wit! 
mgs.    Post  8vo,  If. 

TOMICAL  BEMEMBBAHCES;  or,  COMFLKTE  POCXE' 
OMI8T.  Containing  a  concise  description  of  the  Bonci 
lents.  Muscles,  and  Viscera;  the  Distribution  of  the  iMrvef 
Vessels,  and  Absorbents;  the  Arrangement  of  th^^revera 
»;  the  Organs  of  Generation  in  the  Male  and  FeiMe;  an* 
rgans  of  the  Senses.  Fifth  Sdilum,  cai^fulK-  ^sirisci 
cloth,  3«.  6d. 

D  APH0BISM8  FOB  ^IHE  USB  OF  STUBEirrs  COMUETi 
MIDWIFERY   PRACTICE.     By  J.  G.  Swayne,  M.I 
Engravings.     Third  Edition.     Fcap.  Svo,  cloth,  3«.  W, 

OF  SUBGEBT;  an  Epitome  of  the  Lectures  deli^-ereil  a 
lomas's  Hospital,  by  F.  Le  Gbos  Clabit,  tfjK.C.8,,  Fcaj 
loth,  5f . 
a.  OF  MEDICAL  DIAGKOSIS:   being  r.::;  .^  .    'sis  of  tt 

and  Symptoms  of  Disease.  By  A.  W.. .  .'j^^^Ar,  M.I 
I  Edition.     Fcap.  Svo,  cloth,  8».  Qd.  'V 

•LOGICAL  CHABT,  exhibiting  at  one  view  *  i  <^5^  iptom 
sent,  and  Mode  of  Detecting  the  various  \  I'soiw,  Minera 
able,  and  Animal.  To  which  are  added,  cone*,  direct- ttiS  fo 
reatment  of  Suspended  Animation.  By  W.  *•  o^e  ,3^t.C.$ 
^h  Edition.      On  sheet,  2f . ;  mounted  on  roller,    « 

)  0B8EBYE  AT  THE  BEDSIDE  AITD  AlTiSB  DEAT2 
ihed  by  Authority  of  the  London  Medical  Society  of  Observi 
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